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SUMMARY 
A survey of literature on the antigens of sperm has been carried out, 
and previous results discussed in relation to: 
the induction of infertility by immunisation with 
sperm antigens, 
naturally occurring immunity to sperm antigens as 
a cause of infertility, 
the possible use of sperm antigens for gametic 
selection, i.e. the selection of particular genotypes 
of sperm by specific antisera, 
and research related to these topics carried out along 4 main lines. 
It was found that the spermotoxic activity of normal rabbit serum 
which is destroyed by heating to 56°C for 30 mm, could be restored by 
adding dilutions of unheated guinea pig serum which were in themselves 
either non-toxic or only slightly toxic. 	This activity, which had not 
been detected previously, was studied further. 	A sensitive procedure 
for demonstrating the activity was found, and the molecular basis 
investigated by observing the effects of absorption of guinea pig serum 
with rabbit sperm, and by testing the sperm killing activity of fractions 
purified from rabbit serum. 	It was concluded that some of the sperm 
killing activity of normal rabbit serum in the test system described 
could be attributed to IgG, but the data did not exclude the possibility 
that some of the killing was due to other serum components. 
A search was carried out among rabbits of one inbred strain, for 
sperm-surface antigenic differences associated with alternative allelic 
coat colour marker genes (c or cChL),  using sperm agglutination, sperm 
immobilisation and sperniotoxicity tests, in the hope of finding differ-
ences which could be used in gametic-selection experiments. 
In addition, the seminal protein composition of these bucks was 
investigated using acrylamide gel electrophoresis. 
No consistent differences in sperm surface antigens or in seminal-
proteins could be found associated with the coat colour marker genes, but 
differences were found between ejaculates from bucks of the same genotype 
in the relative proportions of electrophoretically distinguishable 
proteins. 
Previous results on the antigens of sperm from these genotypes of 
rabbit, are discussed in relation to these new observations. 
3. 	Assumptions underlying the suggestion that there might be common 
antigens on cock sperm and rabbit Y-bearing sperm which could enable anti-
cock sperm sera to inactivate Y-bearing rabbit sperm selectively, were 
investigated by testing the effects of anti-cock sperm sera on rabbit 
sperm in vitro using sperm agglutination, complement fixation and 
spermotoxicity tests, in order to determine whether there was any strong 
reactivity of anti-cock sperm antisera with rabbit sperm, and in vivo 
by adding the sperm to sera used for artificial insemination. 
No strong cross-reactions between cock and rabbit semen were detected, 
but slight differences in spermotoxicity between pre- and post-immunisation 
sera from one rabbit was observed. 
Significantly fewer males resulted from insemination of sperm + anti-
cock sperm sera (42.5%) as opposed to inseminations with sperm + normal 
rabbit serum (67.8%). 
These observations provided qualified support for the assumptions 
underlying this new approach to the immunological control of the sex 
ratio. 
4. 	It was proposed that a suggested role of "natural" antibodies to 
sperm round in the sera and genital tract of mammals, i.e. the prevention 
of immunisation against inseminated sperm, might be investigated by 
studying the species specificity of these antibodies, and by comparing 
the response of females to insemination with sperm from a different 
species when the sperm were inseminated either in saline, or in serum from 
the same species which provided the sperm, and the suitability of mouse 
and rabbit sperm for comparisons of this sort investigated. 
Normal rabbit serum showed weak activity against both mouse and 
rabbit sperm (the first time that this complement fixing activity of 
rabbit serum for mouse sperm has been described), so that the possibility 
of demonstrating pronounced species specificity seemed remote, and the 
response of female rabbits to inseminated mouse sperm was very weak (only 
1 out of 4 inseminated rabbits showing a slight response). 	It was 
therefore concluded that mice and rabbits were not suitable species for 
comparisons of the type outlined. 
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THE ANTIGENS OF SPERM  
Introduction 
Studies of the antigens of sperm, and of the experimental 
production of antibodies to sperm, have been considered worthwhile 
for the following reasons. 
Immunising animals with homologous sperm often causes 
decreased :fertility, and immunisation with sperm antigens might 
therefore be used as a contraceptive measure. 
Pathological autoirumunisation against sperm antigens 
apparently causes infertility in some men and women. 	Studies 	on 
the antigens of sperm and their experimental production might 
increase understanding of how such auto-immunisation arises, and 
suggest ways of raising the fertility of these people. 
It might be possible to select particular genotypes of 
sperm (e.g. X-bearing and Y-bearing) from an ejaculate, using a 
specific antibody (e.g. a sperm killing antibody), if the surface 
antigens of the sperm were determined by the genotype of the sperm, 
rather than by the genotype of its diploid parent cell. 	Such 
"gametic selection" could be valuable in agriculture and medicine. 
Since the antigenic composition of the semen of an 
individual is characteristic of the individual, semen typing, 
analogous to blood typing, is possible to a limited extent (Dodd, 
1968). 	Such "semen typing" is carried out on seminal stains on 
clothes of rape victims (Dodd, 1968) and might also be used in 
artificial insemination centres for checking that a particular semen 
sample did come from a specified bull. 	Some of the literature 	on 
the antigens of sperm will now be briefly discussed with reference 
2. 
to the first 3 of these possible practical implications. 
Section 1 
1. Experimental reduction of fertility by immunisation with sperm 
(ai)Fcmale animals - Systemic Immunisation 
Though the evidence in many of the earlier reports of decreased 
fertility resulting from immunisation with sperm has been considered 
inadequate (Parsons & Hyde, 1940; Tyler, 1961), it is now clear 
that injection of sperm or testicular material in adjuvant can cause 
decreased fertility, though individual animals vary in their response. 
This reduction in fertility has been shown in guinea pigs (Isojima, 
Graham & Graham, 1959), rabbits (Menge, 1968, 1971), mice (Edwards, 
1964) and cattle (Menge, 1967). 	McLaren (1964) reduced fertility 
in female mice by a long series of injections of sperm without adjuvant. 
Antibodies can also be induced to seminal plasma antigens (i.e. 
antigens found in seminal plasma of vasectomjzed males) but these 
antibodies, though they agglutinate sperm in vitro, do not decrease 
fertility either in the immunized animal or when added to semen used 
for artificial insemination (Menge, 1968; Menge and Protzman, 1967). 
Immunisation seems to reduce fertility in several ways. 	It 
has been shown to reduce the fertilisation rate in mice (McLaren, 
1964; Edwards, 1964) and rabbits (Menge, 19C8, 1971; Bell, 1969). 
In mice (McLaren, 1964) this decreased fertilisation rate was 
caused by the failure of sperm to reach the site of fertilisation 
at the top of the fallopian tube. 	The reason for this failure of 
sperm to reach the site of fertilisation is unknown, but it is 
possible that the sperm were killed by complement dependent cytotoxic 
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antibodies secreted into the female reproductive tract. 	Certainly 
a lowering of motility has been observed in sperm from the uteri 
or fallopian tubes of sperm immunised animals (e.g. Edwards, 1964; 
Plank, 1967; Menge, 1971), and sperm immobilizing activity has 
been detected in their vaginal (Isojima, Graham, Graham, 1959; 
Ashitaka, Isojima & Ukita, 1964) flushings. 
However, antibodies raised against whole sperm can prevent 
fertilisation in other ways. 	Menge (1971) reported that sera from 
female rabbits immunised with rabbit sperm prevented the in vitro 
attachment of sperm to ova, and considered that this activity might 
be responsible for their lowered fertility. 	Antisera to rabbit 
sperm contain anti-hyaluronidase antibodies, (Metz, Seiguer and 
Castro, 1972) which can inhibit the cumulus dispersing activity of 
rabbit sperm, and antibody fractions have been prepared (Metz & 
Anika, 1970) which, though they neither agglutinated nor immobilised 
sperm, prevented inseminated sperm from passing through the cervix. 
It is possible that sperm may fail to reach the site of 
fertilisation because they are expelled by the local allergic uterine 
contractions which have been observed after insemination of iso-
immunised cows (Mange, 1969a). 
Though a reduced fertilisation rate was the main cause of 
reduced fertility in some experiments (McLaren, 1964; Edwards, 1964; 
Bell, 1969), immunisation with sperm can also cause post-fertilisation 
reduction of fertility, e.g. Menge (1968) found a lower embryo survival 
rate in animals immunised with semen in Freund's adjuvant than in 
control animals immunised with saline in adjuvant. 
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This post-fertilisation effect might be brought about in a 
number of ways, 	It might be caused by antibodies in the female 
tract delaying sperm, as it is known that when there is an increase 
in the interval between the release of an egg from the ovary and its 
fertilisation, polyploidy, which can cause spontaneous abortion, 
may result (see Fechheimer, 1971 for a brief review). 	Delayed 
fertilisation might also be the cause of the increased embryo 
mortality observed in cattle when low concentrations of anti-semen 
antisera were added to semen before artificial insemination (Kiddy, 
Stone & Casida, 1959) 	A variety of adverse effects of anti-semen 
antibodies acting directly on the developing zygote have also been 
described. 
In vitro, antibodies from the uterine fluid of sperm-immunised 
animals have been shown to prevent the development of blastocysts 
from morulae, (Menge, Rosenberg and I3urkons, 1974) and when blasto-
cysts were cultured in media containing anti-sperm antibodies, though 
they grew normally in culture, when they were transferred to recipient 
females they failed to develop (Menge, 1969b). as did untreated 
blastocysts transferred to sperm immunised females (Menge, 1968). 
Those effects may have resulted from the presence of common antigens 
in semen and conceptus (such an antigen was reported by Menge & 
Protzman, 1967) but antibodies to a sperm specific isozyme of lactate 
dehydrogenase when passively injected into female mice, have also 
been shown to interfere with the development of fertilised eggs into 
live born young (Lerum & Goldberg, 1974). 
It was suggested that these antibodies reacted with supernumerary 
sperm in the zona pellucida and perivjtelljne space, and that the 
resulting antigen-antibody complexes provided a focus for immunological 
5 . 
attack (I3en & Goldberg, 1974). 
To sum up:- systemic immunisation with semen can reduce 
fertility by lowering fertilising rate and embryo survival in a 
variety of ways. 
(au) Transvaginal Immunisation - loading to the production of 
circulating antibody 
Though animals can be immunised transvaginally against the 
sperm of other species, i.e. placing sperm in the vagina of a 
female of another species can induce the production of circulating 
anti-sperm antibody (Edwards, 1960b; Parsons & Hyde, 1940), attempts 
to demonstrate primary transvagunal immunisation against sperm of 
the same species have in general been unsuccessful (Edwards, 1960b; 
Parsons & Hyde, 1940; Isojima &. Ashitaka, 1964; Bell, 1969). 
Post-coital increases in the concentration of anti-testis antibodies 
in the sera of animals which had been previously immunised by 
injection of testis in Freund's adjuvant have, however, been reported 
(Isojima & Ashitaka, 1964; Behrman & Nakayama, 1965) suggesting that 
secondary inimunisation (boosting) can occur transvaginally. 	This 
is important, because if a sterile woman is found to be producing 
anti-sperm antibodies, it is sometimes suggested that her husband 
use a condom for a few months to prevent secondary immunisation and 
allow the anti-sperm antibody concentration to decrease. 	The 
observations of Isojima & Ashitaka (1964) and Behrman & Nakayama 
(1965) give some experimental justification for this "condom therapy". 
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Experimental reduction of fertility by iinmuni sat ion with sperm 
(b) Male animals:- Autoiinmune asperrnatogenesis 
Injection of males of some species with testis or sperm of the 
same species, in Freundts adjuvant, leads to sloughing and lysis of 
spermatogenic cells leading to autoimmune aspermatogenes is (e.g. 
Voisin & Toullet, 1968). 	The damage is sometimes repaired 
(Boughton & Spector, 1963). 
Testicular lesions can be induced in a number of species (rats, 
mice, guinea pigs, man) but species vary in their sensitivity (see 
Edwards, 1970 for summary), 	The details of the mechanism are not 
known, but both cell mediated and antibody mediated reactions seem 
to be involved (Brown, Glynn & 1lolborrow, 1967), and a break in 
the blood/testis barrier (Kormano, 1967; Johnson & Setchell, 1968) 
apparently occurs to allow leucocytes and antibodies to reach the 
spermatogenic cells (Johnson, 1970). 
Some purification of the antigens involved has been achieved 
(Brown, Holborrow & Glynn, 1965; Voisin & Toullet, 1968). 
Use of immunisation against sperm antigen as a contraceptive technique 
Though immunisation might be a convenient contraceptive technique 
in developing countries because injections could be given by 
relatively unskilled people and because vaccination might be familiar 
and acceptable to even very primitive communities, contraception by 
immunisation is not yet practicable because of the unpredictable 
variation between animals in the degree of infertility induced, and 
because of the necessity for adjuvants many of which are not suitable 
for human use (e.g. Freund's adjuvant) 	Before contraception by 
immunisation becomes practicable, some combination of acceptable 
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adjuvants and antigens which will induce a predictable response must 
be produced. 
Section II 
Pathological autoimmunisation against sperm as a cause of infertility 
in human populations 
Women: There have been reports that the incidence of high 
concentrations of serum spermagglutinins is higher in sterile women, 
with no obvious cause for their sterility, than in control groups 
of fertile women or women with known cause of sterility (Nakabyashi, 
Tyler & Tyler, 1961; Franklin & Dukes, 1964; Dukes & Franklin, 
1968; Israelstarn, 1969; Halim, Antoniou, Lane & Blandy, 1974), and 
it has been suggested that autoimmunisation against sperm may be 
the cause of infertility in these sterile women. 	Studies of this 
type may be criticised on the grounds that not all spermagglutinins 
are antibodies (e.g. Boettcher, flay, Kay, Baldo & Roberts, 1970). 
Tests specific for antibodies, e.g. complement dependent cytotoxicity 
tests, or immunofluorescence, have however shown the presence of 
anti-sperm antibodies in sera (Isojima & Ashitaka, 1968; Parrish 
& Ward, 1968; Vaidya & Glass, 1971; Ansbacher, Marang-Pangan & 
Srivannaboon, 1971; Hjort & Hansen, 1971) and, more importantly, 
the cervical mucus (Parrish, Carron-Brown & Richards, 1967) of 
Sterile women. 	The presence of cytotoxic antibody in the cervical 
mucus was not necessarily associated with its presence in the sera 
(Parrish et al., 1967) suggesting that it might be synthesised 
locally. 	It seems likely therefore that autoimmunisation against 
sperm can be a cause of sterility, 
The cause of this "natural' , autoimmunisati.on against sperm is 
unknown. 	It might be caused by infection of the women by a 
bacterium which carried antigens similar to those on sperm so that 
antibodies produced against the bacterium also reacted with the 
sperm. 
Therapy: Condom therapy, described in the section of this 
report dealing with experimental immunisation of female animals 
(page 5), has been followed by an encouraging number of pregnancies 
(David, Gernignon & Bisson, 1970), and in cases where sperm cannot 
penetrate the cervical mucus, intra-uterine insemination of the 
husband's sperm has led to pregnancy (l3arwin, 1974). 
Pathological autoimmunjsatiori as a cause of infertility 
Men: Reduction of fertility in men by autoimmunjsatjon against 
sperm might occur in two main ways (Edwards, 1970). 	Autoimmune 
damage to the spermatogenic cells might occur so that very few 
mature sperm would be ejaculated, or antisperm antibodies might be 
secreted into the seminal plasma so that, though normal numbers of 
sperm were ejaculated, they would be unable to fertilise, 
(a) Autoimmune damage to sperrnatqgenic cells in the testis 
This might occur following a testicular injury which broke down 
the barriers which normally separate the blood and immunocompetent 
lymphocytes from the spermatogenic cells (Kormano, 1967). 	(Auto- 
immune aspermatogenesis has been induced experimentally in guinea 
pigs by damaging the testis and simultaneously injecting Freund's 
adjuvant intradern)ally (Boughton & Spector, 1963). 	Though there 
have been no convincing reports of "naturally" occurring autoimmune 
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damage to spermatogenic cells in man, the following clinical 
observations have been made which suggest autoimmune damage to the 
testis. 
Cytotoxic anti-sperm antibodies have been found in the sera of 
some infertile men with small testicles (Hamerlynck, 1967 - Results 
of preliminary experiments). 
In a survey of 20 sterile men with no obvious cause for sterility, 
2 patients with disorganised spermatogenesis and circulating anti-
testis antibody were found. 	However, 2 patients with intense 
spormatogenic activity, whose sera contained anti-testis antibody, 
were also found (Le Loner, Salat & Rotman, 1970). 
In a study of sterile men who had no obstruction in the ducts 
from the testis to urethra, but who had few sperm or few motile 
sperm in the ejaculate, Ca. 20% were found to be immunologically 
sensitised to seminal antigens. 	The frequency of men with small 
soft testes, or a history of testicular injury, was higher in this 
sensitised group than in the non-sensitised group. 	Treatment of 
the sterile men with drugs which suppressed the immune response led 
to an increase in the numbers of sperm in the ejaculates of the 
sensitised group, but not the non-sensitised group (El Alfi & Bassili, 
1970; Bassili & El Alfi, 1970). 
(b) Infertility caused by antibodies damaging mature sperm 
Though, apart from Rimke and Titus (1970) there have been almost 
no recent reports of the experimental reduction of the fertility of 
male animals by inducing the synthesis of antibodies which act on 
mature sperm, there have been a number of observtioiis suggesting 
that this may cause infertility in men. 
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The presence of speDm agglutinins in the sera and seminal 
plasma of sterile men (Wilson, 1954, 1956) at a higher frequency 
than in fertile men (Fj?11brant, 1968a; Thimke & Hellinga, 1959) 
has been taken as evidence of immunologically caused infertility, 
though this can be criticised on the grounds that "agglutinins" 
are not necessarily antibodies. 
However, when the presence of antisperm antibodies was assessed 
using a complement dependent sperm immobilisation test, which is 
specific not only for antibody molecules but for a type of antibody 
which would be expected to impair fertility, then anti-sperm antibodies 
were found more frequently in the sera of men from infertile marriages 
than in men from fertile marriages, and a high level of serum anti-
sperm antibody was found to be associated with an inability of 
ejaculated sperm to penetrate cervical mucus (Fjbllbrant, 1968b). 
There have unfortunately been few attempts to demonstrate anti-
sperm antibodies in semen using techniques specific for antibodies. 
However, using the specific mixed cell antiglobulin tests, anti-sperm 
antibodies were detected in the semen of sterile men (Coombs, Thimke & 
Edwards, 1971). 	The anti-sperm antibodies in the seminal plasma were 
predominantly IgA, whilst in the serum of these men IgG anti-sperm 
antibodies were found. 
Cytotoxic anti-sperm antibodies have also been detected in 
seminal plasma from sterile men (Eyquem & Almeida, 1971), 
It should be emphasised that the presence of anti-sperm antibodies 
in the blood need riot necessarily be associated with sterility, since 
antibodies do riot pass freely into the male genital tract. 	When 
rats had one vas experimentally blocked, sperm agglutinins appeared 
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in the sera without necessarily impairing fertility (Rflmke and Titus, 
1970). 	Blocks to both vasa could similarly stimulate antibody 
formation in man. 	Cases have been reported of men with blocks in 
their vasa and sperm agglutinins in their sera who were able to Lather 
children after the blocks in their vasa were removed, though the serum 
spermagglutinins persisted (Phadke & Padukone, 1964). 
Further information on this topic will become available as 
more follow-up studies on vasectoniisecl men and animals are completed. 
It is recognised that vasectomy frequently provokes an immune reaction 
against sperm (e.g. Ansbacher, 1971; Ansbacher, Keung-Young & 
Wurster, 1972), but this has not been shown to cause serious damage 
to the testis in man, though some disruption of spermatogenesis has 
been reported in vasectomjsed rodents (Makoo, 1974; Nickell, Russel, 
Zuhal & Fahini, 1974). 
Therapy 
Infertility believed to be caused by autoimmunisation has 
been treated successfully (El Alfi, 1970) and unsuccessfully (Himke, 
1967) with drugs which suppress the immune response. 
Treating males with testosterone to suppress spermatogenesis 
has been tried in the hope that stopping the production of sperm 
antigen would prevent the stimulation of antibody synthesis (Rimke, 
1967), but with poor results (Ri1mke, van Amstel, Nesser & Bezomer, 1971). 
Attempts have been made to separate free sperm from the 
clumps in ejaculates of sterile men, but no satisfactory treatments 
have been found (Rimke, 1967). 
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In this section on natural auto-immunisation against sperm 
antigens as a cause of infertility, I have stressed that not all 
antibodies which react with sperm will prevent fertilisation by 
the sperm, and I have drawn attention to studies of antibodies which 
were shown to kill sperm (e.g. Parrish et al., 1967) and must 
therefore prevent fertilisation. 	However, it must be admitted that 
some fragments of antibodies which have no obvious effect on the 
sperm's morphology or motility when added to the sperm can prevent 
fertilisation by those sperm (Tyler, 1946; Metz & Anika, 1970). 
It should also be emphasised in conclusion that, though auto-
immunisation has been shown to be a probable cause of infertility, 
an understanding of the cause of the infertility has not always led 
to its effective treatment. 
"Natural" antibodies to sperm in normal sera 
In the preceding Sections I have been dealing with induced 
antibodies to sperm. 	However, normal sera of many mammals seem to 
contain iTnatural!! antibodies to spermatozoa as shown by a variety 
of immunological tests (Edwards, 1967). 	These natural antibody 
molecules were found in uterine fluids but were not detected in 
testicular fluids from the rete testis (Edwards, 1967). 	Symons 
(1967) found that sperm which were being phagocytosed in the rabbit 
uterus had reacted with globulin molecules similar to those found in 
normal sera. 	It is possible that this is an "antigen-antibody" 
reaction involved in preventing the female animal from being immuno- 
logically sensitized to sperm (Sinclair & chan, 1971). 	These 
natural antibodies might similarly prevent autoimmunisation in males 
by combining with any spermatogenic cells which, because of damage 
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to the testis, became exposed to blood serum and circulating lymphocytes. 
Section III 
Sperm antigens and gametic selection 
Introduction 
Attempts to select particular genotypes of sperm from an ejaculate 
by selecting sperm aocording to the antigens they carry, can only be 
successful if the antigens on the sperm are determined by the genes 
in the sperm. 	Though there is evidence that post-meiotic RNA 
synthesis occurs (Ivlonesi, 1965) so that synthesis of sperm antigens 
could be controlled by the genes in a sperm rather than its diploid 
parent cell, there is only one well -docuniented example in mammals, 
the T locus in mice, where the phenotype of the sperm seems to be 
affected by its genotype (see Beatty, 1970 for brief summary of 
evidence). 
Some of the attempts to find antigens whose synthesis was 
controlled by the genes in the sperm are described below. 
Blood group antigens 
ABO antigens in man 
The A and B blood group antigens can be detected in body fluids 
such as saliva and seminal plasma in some individuals (secretors) 
but not others (non-secretors). 	Though it is accepted that the A 
and B antigens can become coated onto sperm in secretors (Edwards, 
Ferguson & Coombs, 1964; Boettcher, 1968), there is some disagreement 
over whether they are present on the sperm of non-secretors. 
The following evidence for their presence has been advanced. 
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Popivanov & Vulchanov (1962) injected sperm from an A donor 
into rabbits, absorbed the resulting antisera with sperm from B and 
0 donors, to produce a "monospecific" anti-A sperm antisera which 
agglutinated sperm from A donors but not sperm from B or 0 donors. 
When added to semen from an AB donor, the antiserum agglutinated 
some of the sperm (A-bearing sperm?) but not others (B-hearing sperm?). 
Guilbring (1957) using mixed cell agglutination detected A 
carrying and B carrying sperm, but no sperm carrying both antigens, 
in semen from AB donors. 	He suggested that the antigens on the sperm 
reflected the genotypes of the sperm. 
Edwards, Ferguson & Coombs (1964), however, using mixed cell 
agglutination detected A and B antigens on sperm from secretor 
donors but not non-secretors. 
Shahani & Southam (1962) using immunofluoresccnce, detected 
A carrying and B carrying sperm in ejaculates from AB non-secretor 
donors, though Flolborrow, Brown, Glynn, Hawes, Gresham, O'Brien & 
Coombs (1960) failed to detect them using immunofluorescence. 
The differences between these results may have been caused by 
differences in technique (e.g. Shahanj & Southarn (1962) suggest 
technical reasons for the differences between their results and those 
of Holborrow et al., 1960), or by differences in the tsecretoru 
status of the donor, since there is some evidence (Kosjakov, cited 
by Popivanov et al., 1967) that so-called non-secretors in fact 
secrete small amounts of the blood group antigens into their body 
fluids. 
The fact that Gulibring (1957) and Shahani & Soutliam (1962) and 
Popivanov et al, (1962) all detected A bearing sperm and B bearing 
sperm, but not AB sperm, in the ejaculates of AD donors, might be 
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taken as evidence that the antigens carried by the sperm were deter-
mined by the genes carried in the sperm. 	However, even if it is 
accepted that no sperm carrying both A and B antigens were present 
in the ejaculates of AB donors (and the authors do not show that 
their techniques would detect such sperm if they were present), this 
need not necessarily indicate that the antigen present on a particular 
sperm was determined by the genes of that sperm. 	It could also be 
explained by saying that the antigens were determined by the genes 
of the parent diploid spermatogonic cells, but that in these diploid 
cells only one of the genes at the AB locus was switched on, in some 
cells the A determining gene and in other cells the B determining gene. 
Each sperm produced by these spermatogenic cells would then carry only 
one of the antigens, but would not necessarily carry the gone which 
controlled the synthesis of the antigen. 
To test whether the antigens carried on a sperm actually reflect 
its genotype, it would be necessary to examine the genotype and the 
phenotype of individual sperm, egg. by inseminating selected sperm 
carrying one particular antigen into females and examining the antigens 
carried by their offspring, or by fusing selected sperm with cultured 
cells and examining the antigens produced by the resulting "zygote". 
These experiments have not been performed, though successful 
fusions of human sperm with human cells in tissue culture have been 
reported (Tribulev, Podoplelov, Glinsky, Kryukov, Popivanov, Zhikov, 
Nakov, 1967). 
The M,N,Tga (Edwards, Ferguson & Coombs, 1964) and Rh.(D) 
(Majsky & Hraba, 1960) antigens have also been detected on human 
sperm using mixed cell agglutination, though Quinlivan & Masouredis 
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(1962) were unable to detect the Uh,(D) antigen on sperm using mixed 
cell agglutination, 
Attempts to detect blood group antigens on the sperm of rabbits 
(Beatty & Cohen, 1957; Edwards, 1967; Padma, 1972a)have been 
unsuccessful. 
I have confined the above discussion to observations which deal 
with the antigenic properties of individual sperm because, as well as 
sperm, ejaculates contain other types of cell and these "contamin-
ating" cells carry different antigens from those carried by sperm 
(Edwards et al., 1964). 	Observations on the average antigenic 
properties of ejaculated sperm are therefore of limited interest. 
Histocompatibility antigens 
(a) Histocompatibiljt- y antigens controlled by autosomal genes 
Histocompatibility antigens have been detected on human sperm 
(Fellous & Dausset, 1970) using a Cytotoxicity test and immuno-
fluorescence (JIalim, Abasi & Festcnstojn, 1974) and on the sperm of 
mice using a variety of tests (Vojtiskova, 1969; Vojtiskova, 
Polackova & Pokorna, 1969; Fellous, 1970; Goldberg, Aaoki, Boyse 
& Bonnet, 1970; Johnson & Edidin, 1972; Vojtiskova, Pokorna, 
Viklicky, Boubeljk & Hattikudur, 1974). 
In both mice and men, the percentage of sperm carrying a 
Particular histocompatibility antigen was lower in ejaculates from 
sperm donors heterozygous for the gene controlling the production 
of the antigen, than in donors homozygous for the gene. 	In addition 
to this, in man a higher percentage of sperm carrying histocoznpatibility 
antigens was found in ejaculates from donors who were heterozygous 
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for 2 "histocompatibility genes" linked in repulsion than in ejaculates 
from donors heterozygous for the same 2 genes, linked in coupling 
(Fellous & Dausset, 1970). 
These observations could he explained like the results suggesting 
the presence of A hearing and B bearing sperm in the ejaculates of 
AB heterozygotes, by either of the following hypotheses. 
The antigen carried by a sperm is determined by the genes 
in that sperm. 
The antigen carried by a sperm is controlled by the genes 
of its diploid parent cell, but only one allele is active at each 
histocompatihility locus in the diploid spermatogenic cell. 
These hypotheses could be tested in the ways described for the 
A/B antigens (page 15). 
A preliminary experiment in which mice were inseminated with 
sperm mixed with anti-H-2 sera gave no evidence of a gametic selection 
made possible by haploid gene expression (Bennet and Boyse, 1973). 
Y-borne histocompatibility antigen 
Particular interest centres on the so-called iI-Y antigen, 
responsible for the rejection of male skin grafts by female mice of 
the same inbred strain. 	If the gene specifying this antigen were 
expressed post-mciotically in Y-bearing sperm, then it might be possible 
to specifically kill these sperm with anti-Y-antigen sera. 	This 
antigen has been detected on mouse sperm using cytotoxicity tests 
(Goldberg, Boyse, Bonnet, Scheid & Carswell, 1971) and immuno-electron 
microscopy (Koo, Stackpole, l3oyse, Hammerling & Lardis, 1973). 
Though mice sperm were killed by anti-male cell antisera 
("anti-y antigen"), the actual percentage of cells killed varied from 
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strain to strain and did not suggest that the antigen was confined to 
sperm carrying the Y chromosome. However, when pooled epididymal 
and yes sperm were incubated with complement and anti-FI-Y serum, 
and then inseminated into female mice, the percentage of male 
offspring was reduced from 53% (naturally mated controls) to 45%, 
suggesting that some gametic selection might be occurring (Bonnet 
and Boyse, 1973). 	Previous attempts to alter the sex ratio in 
inbred strains of mice by actively immunising them against male cells 
had been unsuccessful (McLaren, 1962; Edwards, 1963). 
Sperm antigens and the T-locus in mice 
Using specific cytotoxic antisera, it has been possible to show 
that the sperm of mice carrying different alleles at the T-locus 
have different, and specific, antigens on their sperm (Bonnet, Goldberg, 
Dunn & Boyse, 1972; Yanagisawa, Bennet, Boyse, Dunn & Dimeo, 1974), 
and there is also some preliminary evidence that two types of sperm 
can be serologically distinguished in sperm from mice heterozygous 
at the T-locus (Yanagisawa, Pollard, Bonnet, Dunn & Boyse, 1974). 
This is a very interesting development, since the different 
behaviour of sperm in the same ejaculate carrying alternative alleles 
from this locus, is the one clearly documented example of the pheno-
type of a sperm being controlled by its own genotype rather than that 
of its diploid precursor. 
Antigens of cock (Gallus domes ticus) sperm and their relation to the 
antigens of Y-bearing mammalian sperm 
It has been suggested (Burkov, 1968) that the sperm of the 
domestic cock may be antigenically similar to the Y-bearing sperm of 
mammals, and since all the sperm of the cock carry the male sex chromosome 
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these sperm could provide a convenient source of "male-sperm-specific 
antigen " . 
The only support for this hypothesis was the observation, by 
Burkov, that immunising female rabbits with cock sperm caused a 
significant decrease in the proportion of males in their offspring. 
To sum up. 
Though there is now some evidence that some antigens on sperm 
are specified by the genes in the sperm, these observations have not 
yet been repeated in other laboratories, and should perhaps be 
regarded as pilot studies. 
I shall now introduce my own experimental work. 
Introduction to the experimental work 
Research was carried out along three main lines, two related to 
the field of "gametic selection" and one to the field of "auto-
immunisation" against sperm. 
Using the inbred rabbit strains held by the Institute of 
Animal Genetics, a search for antigenic differences between sperm 
from rabbits of different genotypes was carried out, with especial 
attention to any differences which could be used in gametic selection 
experiments. 
The results of this investigation are presented in Chapter 3, 
in the form of a report for consultation by anyone interested in 
these unique rabbit stocks. 
An investigation of Burkov's suggestion that cock sperm and 
Y-bearing rabbit sperm are antigenically similar, and that this 
similarity allows "gametic selection" experiments to be carried out. 
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The results of this work are presented in the form of a brief 
communication intended for publication, with appendices giving more 
experimental details (Chapter 4). 
3. A study of the possible role of "natural antibodies" to 
sperm found in the sera of laboratory animals. 	A hypothesis is 
advanced for their function, experiments for testing this hypothesis 
suggested, and preliminary results reported (Chapter 5). 
In the course of all these studies I was forced to pay attention 
to the spermotoxic activity of normal serum, and made some interesting 
new observations on this phenomenon which are presented in Chapter 2 
in the form of a brief communication intended for publication, with 
appendices giving some of the experimental details. 
CHAJYrER 2 
OBSERVATIONS ON THE SPERMOTOXIC PROPERTIES 
OF NORMAL RABBIT SERUM 
21. 
BRIEF CO\1UN 1CAT ION 
New observations on the spermotoxic properties of normal. rabbit serum 
"Natural" antibodies to sperm have been detected in rabbit serum 
using a variety of techniques summarised by Edwards (1967), and it would 
seem reasonable to attribute the spermotoxicity of fresh rabbit serum, 
described by Walsh (1925) and Chang (1947), to the activity of these 
antibodies in conjunction with serum complement. However, observations 
have been made which did not support this hypothesis. 	Edwards (1960a) 
found that the spermotoxic activity of rabbit serum, which disappears 
when the complement in the serum is inactivated by heating, was not 
restored by the addition of fresh complement (diluted guinea pig serum). 
Similarly, in guinea pigs, Spooner (1964) was unable to restore the 
sperm-immobilising activity of heated guinea pig serum by the addition 
of complement. 
In sharp contrast to thee observations, I have found that heated 
rabbit serum showed pronounced spermotoxicity when used in conjunction 
with guinea pig serum, in an assay based on one used by Menge (1970) to 
assay induced antibodies to rabbit sperm, 
0.25ml dilutions of heat inactivated rabbit serum were incubated 
with 0,05m1 of a 1/10 dilution of guinea pig serum (Wellcome Reagents 
Ltd.) and 0.05nil of a suspension of ejaculated sperm (30 x 10 6/ml). 
The sperm were collected from selected bucks using an artificial vagina, 
the ejaculate diluted c. 15 x, and spun at 650g for 10 minutes, the 
supernatant discarded and the sperm resuspended in fresh diluent 
(Dulbecco A, Oxoid). 	Tubes containing 0.25ml diluent + 0.05m1 complement 
and tubes containing 0.25 ml serum + .05m1 heat inactivated complement, 
were included as controls. 	The tubes were incubated at 37°C for 1 hour, 
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drops of each suspension were examined microscopically to determine the 
effects of the treatments on sperm motility, and nigrosin-eosin smears 
(Hancock, 1951) were made to determine the degree to which sperm could 
exclude eosin. Single drops of sperm-serum suspension were mixed with 
equal volumes of nigrosin-eosin stain (prepared by ref luxing 2gm eosin 
with 120m1 of 1076 nigrosin for 8 hours) for five minutes, and drops of 
this suspension smeared. The sperm were examined under oil. 
Using this procedure, I found that the percentage of sperm which 
were either motile, or able to exclude eosin, was greatly decreased 
after incubation in serum + unheated complement as compared with sperm 
in the control tubes. 
Individual ejaculates varied in their sensitivity to a given batch 
of serum, but dilutions of serum from 1/10 to 1/40 usually reduced the 
percentage of motile sperm to less than half that in the control tubes. 
The effects of various dilutions of a randomly chosen serum on the 
percentage of sperm stainable by eosin are summarised in Fig. 2.1. 
Spermotoxicity was observed in all sera tested, obtained from 2 male 
and 13 female rabbits. 	I also found that using a procedure similar 
to the one described by Edwards (1960a), i.e. incubating 0.lml volumes 
of rabbit serum complement and sperm suspension (20 x 10 6/nil) for 1 hour 
using Dulbecco A (Oxoid ) as diluent, a higher percentage of eosin-
stainable sperm were found in suspensions containing rabbit serum + 
complement than in control tubes. This particular procedure was 
tried out with various sources of complement [freeze dried guinea pig 
serum supplied by Wellcome Reagents, or guinea pig serum which had just 
been stored frozen at 800C,  or guinea pig serum which had been absorbed 






Percentage unstained cells among rabbit sperm incubated with various 
dilutions of heated rabbit serum in the presence of heated (o) and 
unheated (o) diluted guinea pig serum. 
Values marked LI or m were from control tubes containing diluent 
instead of rabbit serum. The 95% confidence limits of the percentages 






(Boyse, Hubbard, Stockert and Lamm, 1970)]. 	Though it was possible to 
demonstrate spermotoxicity of rabbit serum using all these procedures, 
they were not used routinely. 
I can only speculate about the reasons for the difference between 
my observations and those of Edwards (1960a). 	These might have arisen 
because of slight differences in the procedures used, or because of 
differences in the properties of the rabbit sera or complement sources,. 
I found that the effects described could be more readily demonstrated 
with some complement sources than with others. 	Sources which were more 
satisfactory for this assay also had higher haemolytic complement titers. 
The phenomenon reported here is of obvious relevance in studies on 
the isoantigens of rabbit sperm. 	The molecular basis for the phenomenon 
has not been fully worked out. 	Only preliminary attempts have been made 
to isolate the spermotoxic activity of rabbit serum in a purified 
fraction. 	IgG fractions prepared by ammonium sulphate precipitation 
(Campbell, Garvey, Cremer & Sussdorf, 1964), absorption with D.E.A.E. 
Sephadex (Webb, 1972) and Sephadex gel filtration, all contained 
spermotoxic activity when tested using the first assay described in this 
communication, but the yield of activity was low. 	The results of these 
experiments suggested that the spermotoxic action of rabbit serum reported 
in this communication may not he entirely attributable to the action of 
natural rabbit anti-sperm IgG. 
This work was supported by a grant from The Ford Foundation and was 
carried out whilst I was a research student. 
I would like to thank Dr. Beatty for his supervision and Dr. D. 
Pepper of the Regional Blood Transfusion Service for giving me advice 
on the purification of serum fractions, for carrying out the gel-
filtration, and giving me the DE.A.E.-Sephadex used to purify IgG. 
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Appendices 
Details of experimental procedures, with a discussion of the implications 
of some of the results, are given in the following appendices. 
Appendix 1 
Collection of body fluids 
Semen was collected using an artificial vagina and rabbit skin. 
The rabbit skin, which was not cured, merely scraped clean of fat and 
air dried, was used to cover the right arm, and the artificial vagina 
held in the right hand. 	I found the use of a skin, quicker, easier and 
more humane than using a live doe. 
Volumes of blood up to 30m1 were collected from rabbits by cutting a 
small slit in the ear vein with the tip of a No. 11 scalpel blade, and 
the blood allowed to drip into McCartney bottles. 	Blood flow was 
encouraged by rubbing a small quantity of xylene onto the central artery 
of the ear. 	The ear was washed over with alcohol after bleeding, to 
remove traces of xylene. 
Blood was also obtained from guinea pigs and rabbits by anaesthetis-
ing them with sodium pentobarbitone (Abbott Laboratories Ltd.), and 
bleeding them to death from the heart using an 18g l" needle and a 30ml 
syringe. 
Blood was allowed to clot overnight in the cold, and serum 
separated from the clot and red cells by two 15 minute centrifugations, 
(llOOg) at 40C. 
The guinea pig serum was frozen at -80 °C, and the rabbit serum 
at -20 U. 
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Appendix II 
Effects of absorption of complement 
Methods 
The procedure used for absorption was essentially that of Boyse, 
Hubbard, Stockert & Lamm (1970). 	1 volume of 0.1M EDTA (made up in 
recently boiled distilled water) was added to 9 volumes of undiluted 
guinea pig serum, gently mixed, and 0.3iiil volumes of this mixture 
absorbed for 20 minutes with 350 x 106  ejaculated rabbit sperm, 
previously washed 3 x in Ca and Mg free Earle's salt solution 
(Flow Laboratories). 	The tube in which the absorption was carried out 
was immersed in ice, and the ice bath kept in a refrigerator. A 
control tube containing guinea pig serum and EDTA, but not sperm, was 
present in the same bath. 
The serum was separated from the sperm by centrifugation (3500g 
for 10 minutes) in a refrigerated centrifuge, and the level of free 
calcium ions in absorbed and control serum, restored by adding 1 volume 
of 0.1M CaC12 to 10 volumes of EDTA + guinea pig serum. 
The effects of absorption on the spermotoxicity of guinea pig 
serum and on its capacity to enable serum to kill sperm, were compared 
using the following procedure: 0,1ml volumes of doubling dilutions of 
both control and absorbed guinea pig serum were incubated with equal 
volumes of sperm suspension and either diluent or a 1/10 dilution of 
heated rabbit serum. 	The tubes were incubated for one hour at 37 °C, 
nigrosin-eosin smears of the sperm in each tube prepared, and the 
percentage of unstained ("live") sperm in each tube estimated, from a 











Percentage unstained cells among rabbit sperm incubated with 
doubling dilutions of guinea pig serum + diluent (0) or guinea pig 
serum + 1/10 diluted heated rabbit serum (• ) before (—) and 
after (---) absorption of guinea pig serum. 
92 	 *6 	 23 
Guinea pig serum dilution 
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Results 
This absorption and testing procedure was carried out on six 
successive occasions, and on each occasion the spermotoxicity of the 
guinea pig serum was reduced by more than its capacity to enable heated 
rabbit serum to kill sperm, though the degree of reduction varied in 
different experiments. 	The results of one such experiment are 
summarised in Fig. 2A1. 
Discussion 
These experiments were carried out for the light they might throw 
on the possible role of the anti-sperm immunogiobulin molecules found in 
normal guinea pig serum in the test systems described. 	I was concerned 
that the sperm killing effects observed when heated rabbit serum and 
unheated guinea pig serum are added to sperm, might be due mainly to 
the action of guinea pig anti-serum immunoglobulin on the rabbit sperm. 
The results of the absorption experiments provided no support for 
this hypothesis, since the absorption procedure, designed to preferentially 
absorb the guinea pig anti-sperm immunoglobulin, decreased the direct 
spermotoxicity of guinea pig sperm more than its capacity to allow 
heated rabbit serum to kill sperm. As a further step towards under-
standing the interactions involved in the killing of sperm by heated 
rabbit serum and unheated guinea pig serum, the anti-sperm activity of 
IgG purified from normal rabbit serum was investigated. The methods 
and results are presented in the following sections. 
27. 
Appendix Ill 
Spermotoxicity of immunoglohulin G prepared by ammonium sulphate 
pcipit.ation 
Methods 
Several different procedures were tested based on those described 
by Stelos (1967) and Campbell et al. (1964). 
0.2m1 of saturated ammonium sulphate (S.A.S.), pH adjusted to 
65, were added slowly to 0.4nil of continuously stirred serum, the 
serum left to stand for 20 minutes or more, centrifuged at 6500g for 
1.0 minutes, the precipitate washed twice in 0.4m1 of 40% S.A.S., the 
precipitate dissolved in Dulbecco A containing 0.1% bovine serum 
albumen (B.S.A.), and the process of precipitation repeated twice. 
After the second precipitation, the precipitate was washed twice in 
40% S.A.S., but after the third it was redissolved in 0.4m1 Dulbecco A -I 
0.1% B.S.A,, and dialysed ageinst constantly stirred Dulbecco A, in the 
refrigerator overnight. 
All the above procedures were carried out in the cold (0-5 °C). 
The supernatant obtained after the second precipitation was also 
retained, an equal volume of saturated ammonium sulphate added to it 
and the precipitate similarly separated by centrifugation, redissolved 
and dialysed. 	This fraction will be referred to as fraction S. 
This p'ocedure was the same as (a) except that the precipitated 
proteins were redissolved in 0.9% NaCl after the first and second 
precipitations, but in Dulbecco A + B.S.A. after the last precipitation. 
This procedure was based on the method of Campbell et al, (1964) 
and was carried out at room temperature. 
0,3ml of saturated ammonium sulphate, p11 7.8, were slowly added to 
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0.6m1 of constantly stirred serum, the stirring continued for 2-3 hours, 
the precipitate recovered by centrifugation (1400g for 30 minutes), 
redissolved and 2 more similar precipitations carried out. 	The final 
precipitate was dissolved in 0,3m1 Dulbecco A + 0.1% B.S.A., and 
dialysed overnight. 	As in procedures (a) and (b), the supernatant from 
the second precipitation was retained, its contents precipitated out, 
and treated in the same way as the IgQ fraction. 
The dialysed protein fractions were then washed from the dialysis 
bags using two 0.3m1 washes of Duihecco A, centrifuged at 4°C for 
30 minutes at 1400g, and the supernatants both made up to 1.2m1. 
The spermotoxic activity of 0.25ml volumes of fractions obtained 
using these methods were tested using the procedure described in the 
brief communication at the beginning of this chapter. 
The "dilutions" of the serum fractions obtained using methods (a) 
and (b) were calculated in the following way. 
Protein precipitates were dissolved in a volume of diluent equal to 
the volume of serum from which they came, and this dilution was called 
1/1. 	It was assumed that during dialysis the volume would double due 
to osmotic effects, so that the dilution of the protein solution removed 
from the dialysis bag was 1/2. 	Dilutions were made of this solution 
to give large enough volumes to test. 
Results 
The results of the spermotoxic tests are presented in Tables 
2A1-4, 	The observations listed indicate that though some of the 
spermotoxic activity of rabbit serum could be recovered using ammonium 
sulphate precipitation, the yield was very low. 	It would be interes- 
ting to know whether the spermotoxic activity which was not recovered 
Results of spermotoxic.ity tests on serum fractions obtained by ammonium 
sulphate precipitation. The figures given are the percentages of dead 





Fraction Purified IgG 
20 20 
Unheated 




guinea pig 19% ± 3.9% 21% ± 
serum 
Tab le 2A2 
Solutions tested 
Fractionation Complement 
procedure source Fraction Purified Dulbecco Rabbit 
S 
20 20 
A se rum 
' 17 
Unheated 
guinea pig 48% ± 5% 23% ± 4.2% 25% ± 4.3% 78% ± 4.1 
Procedure serum 
(a ) 





procedure source Fraction Purified Dulbecco Rabbit 
S I gQ A serum,
60 
Unheated 









procedure Fraction Purified Duihecco Rabbit 
2,5 
JgG A se rum, 60 
Unheated 
guinea pig 9376 ± 2.6% 68% + 4.71/6 27% ± 4.40/. 84% ±  Procedure serum - 	
j  
Heated 
guinea pig 19% ± 3.9% '% ± 3.1% Not Done 10% ± 3.0 
serum 
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was lost or actually destroyed by the treatment with aminonium sulphate. 
The only observation relevant to this question, was the consistently 
greater toxicity of the material recovered from the second supernatant, 
referred to as fraction S, compared with the purified IgQ. 	This would 
suggest that at least some spermotoxic activity was being washed out 
rather than destroyed. 
Appendix IV 
Sperm-immobilising activity of IgG prepared from normal rabbit serum 
using D.E .A.E .-Sephadex 
Unheated rabbit serum was used in this procedure because it is 
undesirable to pre-heat sera which are to be subjected to biochemical 
fractionation procedures, and, since the IgG is separated from complement 
components, unnecessary. 
lml volumes of serum were absorbed with D.E,A.E.-Sephadex (Webb, 
1972) and the sperm immobilising activity of 0.25m1 samples of the 
resulting buffered saline solution of IgG tested, using the method 
described at the beginning of this chapter. 	Sperm immobilising activity 
was detected in these purified IgG solutions in 5 experiments, but the 
yield of activity was always less than 25%. 	Since Webb (1972) was 
able to recover 807o of antibody activity using this procedure, the 
results suggest that the anti-sperm activity of rabbit serum in the 
test system I described may not all be attributable to Ig'G. 
Appendix V 
Anti-sperm activity of IgG prepared from normal rabbit serum by 
Sephadex G-200 gel filtration 















Comparison of the percentages of stained ("dead") cells among 
rabbit sperm incubated with successive fractions of rabbit serum eluted 
from a Sephadex 0-200 column. The spermotoxicity of 0.25m1 volumes 
of lOX concentrated fractions were tested using the procedure described 
in the text. 	The serum used in this experiment came from a female 
rabbit. 
30. 
this procedure was carried out on unheated serum. 
Four separate serum samples were fractionated on Sephadex columns, 
and the sperm immobilising and/or spermotoxic activity (i.e. the 
capacity to immobilise sperm, or make them unable to exclude eosin). 
of 0.25m1 volumes of successive protein-containing fractions from 
the columns compared, using the test system described at the beginning 
of this chapter. 	The fractions were tested unconcentrated or concen- 
trated 10 x using Amicon B15 concentrators (Amicori Corpnj. 
Comparisons of the sperm immobilising activity of 2 series of 
unconcentrated fractions, and 3 series of concentrated fractions and the 
spermotoxic activity of 1 series of unconcentrated fractions and 4 series 
of concentrated fractions were carried out. (see Fig. 2A2) 
Peaks of anti-sperm activity were always detected in fractions which, 
because of their position in the elution profile, would be expected to 
contain lg'G. 	However, anti-sperm activity was also detected in 6 out 
of 10 experiments, in protein fractions which eluted after the IgG peak. 
These results suggested that at least some of the anti-sperm 
activity detected in normal serum by the assay I described, may be 
attributed to the action of IgG. 
There seems little point, at this stage, in speculating about the 
identity of the non-immunoglobulin proteins which showed anti-sperm 
activity. 
General conclusions from attempts to demonstrate anti-sperm activity 
in IgG fractions purified from normal serum 	(Appendices III-V) 
These experiments have not provided evidence that the sperm-killing 
activity reported ili the brief communication which opened this chapter 
can be entirely attributed to the action of IgQ 
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Only further work can determine whether the low yield of activity 
in the IgG fraction and the presence of anti-sperm activity in non-IgG 
fractions, reflect interactions occurring when whole rabbit serum and 
guinea pig serum kill sperm, or are artifacts produced by the fraction-
ation procedures 
On the basis of the information currently available, it would 
probably be worthwhile to carry out experiment with purified IgU as 
well as whole serum, if attempts were being made to use cytotoxic tests 
in studies of natural antibodies to sperm. 
CHAPTER 3 
A SEARCH FOR VARIATION IN SPERM SURFACE ANTIGENS ASSOCIATED WITH COAT 
COLOUR MARKERS IN AN INuRED RABBIT STRAIN 
32. 
A search for variation in sperm surface antigens associated with coat 
colour markers in an inbred rabbit strain 
trod u c t ion 
The Institute of Animal Genetics maintains genetically marked rabbit 
stocks, the most inbred of which, the AS strain, contains rabbits of 
different genotype at the albino locus: homozygous albino (cc), the 
heterozygote (cc cliL ) and the homozygous light chinchilla (c chL chL c 	). 	A 
search was carried out for antigenic differences between the sperm of 
rabbits carrying different coat colour markers in the hope of finding 
differences which could be used in gametic selection experiments, i.e. 
experiments in which particular genotypes of sperm would be selectively 
killed with specific antisera. 	This work was carried out because it had 
already been concluded (Kulangara & Beatty, 1971) that extracts of sperm 
of the cc and chLchL genotypes were characterised by different sets of 
antigens, and it was hoped that the surface antigens of intact sperm would 
also be quite different. 	For the rest of this chapter, the prefixes cc, 
cchL, and chL chL respectively will be used to describe sperm, sperm 
extracts, seminal plasma, or ejaculates from cc, cc 
chL 





A considerable amount of time and effort had to be spent working out 
a technically and intellectually realistic approach to this problem, since 
I was working alone and had no previous immunological experience. 
Methods 
The general approach taken was to inject cc sperm into either guinea 
pigs or rabbits, and to test the effects of the resulting antisera on cc 
and chL chL sperm, both before and after absorption with chL chL sperm, 
using assays which would detect antibodies to sperm surface antigens, i.e. 
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antibodies which would agglutinate sperm, or immobilise them, or render 
them permeable to eosin. (These activities will be described as sperm 
agglutinating, sperm immobilising, and spermotoxic). 
Raising antisera 
(a) 	Preparation of sperm 
Semen collections were made using tile method described in Chapter 2, 
the ejaculates diluted c. 15 x with Dulbecco A, and the sperm separated 
by centrifugation (650g for 10-20 minutes), washed twice in Dulbecco A, 
and once in 0.9% saline, or 3 x in Dulbecco A. 
The sperm were adjusted to an appropriate concentration (see below), 
and mixed with an adjuvant prior to injection. 
The liners of the artificial vaginas were sterilised with 707o 
alcohol and oven dried before use, glassware was sterilised by auto-
claving, and solutions used for washing sterilised by autoclaving or 
Millipore filtration. 
Sperm suspensions used for injection often contained much non-
spermatozoal material. 	I carried out preliminary experiments to see 
whether it would be possible to remove this debris by centrifuging the 
sperm in Ficoll gradients, but the results were not encouraging and the 
attempt was abandoned. 
I also examined the possibility of purifying from semen, protein 
fractions which might be used as immunising antigens. 	Seminal plasma 
and sperm extracts, i.e. extracts obtained by grinding or shaking unwashed 
ejaculated sperm in Baker's medium (Kulangara & Beatty, 1971), from 
rabbits of cc and c chLchL genotypes, were mined with equal volumes of 
40% sucrose, and 25l samples of the mixtures containing seminal plasma, 
25 and 501 samples of those containing sperm extracts, and 25.tl of a 
Plate 3,1 
Comparison of the spectrum of electrophoretiCallY distinguishable 
proteins in seminal plasma samples from AS bucks of different 
genotypes 
CC 	 c L chL 	cchL 	M. rr -Ii 
dumb 	 OW doom* 
The samples were obtained from 3 different cc bucks, 3 c chLchL 
bucks, and 2 cc chL  bucks. Samples from bucks of the same genotype 
are grouped together, and the genotype is marked on the photograph. 
Sample M was a 25l sample of a 1/5 dilution in 40% sucrose of 
serum from a cc buck. 
Plate 3.2 
Comparison of the relative proportions of electrophoretically separable 
seminal proteins in ejaculates from 3 different 0chLchL  bucks 
N 	 ____ 
' -U---,  
Z 	 H 	 S 
-w - 
iC 
gap - •_ 
- 1_I 
Z, H, and S were seminal plasma samples from the different bucks. 
The 2 samples to the left of each seminal plasma sample were 25 and 
50l aliquots of an extract of sperm in Baker's medium from the same 
ejaculate. 
N was a 25l sample of a 1/6 dilution in 40% sucrose, of serum 
from an unrelated rabbit. 
Bands (a) and (b) are prominent in seminal plasma samples S and 
Z, and faint in sample H, while the opposite is true for band C. 
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1/5 or 1/6 dilution of rabbit serum in 40% sucrose were electroplioresod 
on vertical acrylamide slab gels, using gels and buffers of the compos-
ition described by Davis (1964) and stained with 0.1% Amido black + 
0.23% Coomassie blue in 7% acetic acid and 23% methanol in the hope of 
finding an electrophoretically distinguishable protein characterising 
one of the genotypes which could be separated and used as an immunising 
antigen. 
No constant difference between semen samples from cc and 
genotypes was observed, but some variation between ejaculates within a 
genotype was found. 	This variation is of some relevance to assumptions 
which Kulangura & Beatty (1971) made in drawing their conclusions, and 
will be referred to in the final discussion. 	The protein compositions of 
seminal plasma samples from bucks of different genotypes are compared in 
plate 3.1, and the relative proportions of individual protein components 
in ejaculates from bucks of the same genotype compared in plate 3.2. 
(b) 	Immunisation schedules 
cc ejaculated rabbit sperm, washed twice in Dulbecco A and once in 
0.9% saline, were mixed with sodium alginate (Medical Alginates Ltd.) and 
injected subcutaneously and intramuscularly into female c chL chL c 	rabbits. 
The usual procedure was to give two injections of c. 1.2 x 10  sperm 3 
weeks apart, and then to carry on giving boosting injections until a 
reasonable titre was produced. 	Antisera to unwashed ejaculated sperm 
were raised using a method described by Menge (1970): 3 injections of 
8 x 10 and 1 of 1.2 x 10 8 sperm, using polynucleotides as adjuvant. 
Antisera to ejaculated and epididymal cc sperm were raised in guinea 
pigs by giving 2 sets of subcutaneous injections of approximately 2 x 108 
sperm emulsified in Freund's complete adjuvant, three weeks apart and 
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bleeding the anaesthetisod guinea pigs to death a week after the second 
injection. 
Weak antisera were also raised by giving female c chLchL rabbits 
2 sets of injections, three weeks apart, of epididymal sperm in sodium 
alginate (c. 5 x 1O 7 sperm), but this procedure was not continued because 
it involved killing too many males. 
Testing antisera 
Antisera were assayed using sperm immobilisation, spermotoxicity and 
sperm agglutination tests. 
The spermotoxic activity was initially tested using a procedure based 
on the method of Hamerlynck (1967), but all the data presented in this 
chapter on the sperm immobilising or spermotoxic activity of antisera were 
obtained using the method described in the second chapter of this thesis, 
based on the procedure of Menge (1970). 	The titre of the serum was taken 
as the most dilute solution of serum in which the motility of the sperm, 
or the percentage of sperm able to exclude eosin, was half, or less than 
half, of the level in the control tubes containing diluent + complement. 
Sperm agglutinating activity was assayed using the following 
procedure. 
Ejaculates were diluted 15 x with B.M. 7.6, a phosphate buffered 
saline containing - 
Glucose 	3.3921 gm 
NaCl 	 0.2349 gm 




 4 	0.0353 gm 
Water to lOOmI 
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spun for 10 minutes at 650g, the supernatant discarded and the sperm 
resuspended in fresh DM to a concentration of 40 x 106 /ml. 	This 
suspension ("unwashed" sperm) was then diluted with an equal volume of 
BM 7.6, containing 10% gelatine, and 0.2m1 volumes of this mixture added 
to previously prepared 0.2m1 dilutions of antiserum in 6 x 50 mm tubes. 
The dilution of sperm suspension with 30% gelatine, and the addition 
of sperm suspension to serum dilutions, were carried out in a 37 °C 
incubator. The sperm and serum were mixed on a vortex mixer, and 
incubated at 37°C in a water bath for 1 hour, removed and the degree of 
agglutination observed. 	When antisera were titrated using this procedure, 
there was usually a sharp transition from tubes showing a lot of 
agglutination to tubes showing a little. 	The titre of the antiserum was 
taken as the lowest dilution of antiserum causing a lot of agglutination. 
Duplicate dilutions of a particular antiserum always (27 x) 
agglutinated sperm from a particular ejaculate to the same extent, so the 
use of duplicates was abandoned. 
Washing the sperm an additional 3 x before using them, frequently 
increased the sensitivity of the test, but decreased its reliability 
since the end points were more difficult to judge. 
All the titrations carried out for this piece of work, apart from 
those in Table 3.1, were carried out using'Unwashed"sperm. 
This test was preferred to any of the micro-procedures I tested, as 
it was more sensitive, more repeatable, and easier to read, using both 
washed and unwashed sperm. 
Absorptions 
Fresh ejaculates -were diluted 15 x and the concentration of sperm 
determined. 	Measured volumes were centrifuged for 20 minutes (650g), the 
TABLE 3.1 
Comparison of sperm agglutinating titres of guinea pig anti-cc ejaculated sperm serum using sperm from different 
cc and chL chL rabbits as target antigens. 	Titres listed on different lines were obtained using ejaculates 
collected on separate occasions. 
cc rabbits 	 chL chL rabbits 
Rabbit AX9 Rabbit CU6 Rabbit 9U4 




 Washed Washed Washed sperm sperm sperm sperm sperm sperm 
- S 
80 80 40 40 80 160 
1 
- N.D. 1 - 1 - 1 - 1 - 










Washed Washed sperm sperm 
sperm sperm 
40 80 80 80 
1 
80 160 80 160 
80 160 80 160 
TABLE 3.2 
Comparison of sperm agglutinating titres of anti-cc sperm sera, before and after absorption with chLchL sperm, 
using either cc or chLchL sperm as tart antigens 
Sperm agglutinating Sperm agglutinating 
titre before titre after 
Antiserum Absorption procedure absorption absorption  
for cc for chLchL for cc for chLchL 
sperm sperm sperm sperm 
Guinea pig 1.2m1 1/2 dilution 
anti-cc of antiserum absorbed 1 1 1 1 
epididymal with 8 x 10 6  chLchL 20 40 10 " 20 
sperm sperm 
Guinea pig 0.4m1 of 1/2 diluted 
anti-ejaculated antiserum absorbed 




0.4inl of 1/2 diluted 
antiserum absorbed 6 
twice with 172 x 10 80 10 
chLchL sperm 
TABLE 3.3 
Comparison of sperm agglutinating titres of anti-cc sperm sera, before and after absorption with chLchL sperm, using 
either cc or chLchL sperm as test antigens 
Sperm agglutination titre 
Antiserum Absorption procedure Before absorption 	After absorption 
forfor 	 for 	for 
cc 	chLchL cc chLchL 
sperm sperm sperm sperm 
Rabbit anti-cc 1.4m1 1/1 serum absorbed 
ejaculated with 176 x 10 6  chLchL <I T 
sperm sperm  
1.3m1 1/2 diluted serum 
'I absorbed with 50 x 106 
1 1 1 
N.D. 40 20 5 
chLchL_sperm  
Rabbit anti-cc 1.6m1 1/2 diluted 
ejaculated antiserum absorbed 1 1 <1 
sperm with 300 x 10 	chLchL 5 5 2.5 '2.5 
sperm  
1.6m1 1/2 diluted 
IT antiserum absorbed with 1 1 < 1 < 1 
100 x lO 	chLchL 5 5 2.5 2.5 
sperm  
Rabbit anti-cc 1.5m1 1/2 diluted 
ejaculated antiserum absorbed with - - - - 
sperm 6 88 x 10 	chLchL sperm  
10 20 2.5 2.5 
1.4m1 1/2 diluted 
H antiserum absorbed with ._!_ 
44 x 106 chLchLsperm 10 20 5 5 
TABLE 3.4 
Comparison of sperm immobilising titres of anti-cc sperm sera, before and after absorption with chLchL sperm, 
using either cc or chLchL sperm as target antigens 
Sperm immobilising Sperm immobilising 
titres before titres after 
Antiserum Absorption procedure absorption absorption 
for cc for chLchL for cc for chLchL 
sperm sperm sperm sperm 
Rabbit anti-cc 0.2m1 volumes of 1/4 
ejaculated diluted antiserum 	
6 -i-- sperm absorbed with 12 x 10 320 640 20 20 
chLchL sperm 
Rabbit anti-cc 0.2m1 volumes of 1/4 
ejaculated diluted antiserum 1 1 1 1 
sperm 6 absorbed with 12 x 10 320 320 4 4 
chLchL sperm 
TABLE 3.5 
Comparison of spermotoxic titres of anti-cc ejaculated sperm sera, before and after absorption with chLchL or cc 
sperm, using either cc or chLchL sperm as target antigens. 
Spermotoxic titres Spermotoxic titres 
before absorption after absorption 
Antiserum Absorption procedure 
for cc for chLchL for cc for chLchL 
sperm sperm sperm sperm 
Rabbit anti-cc 0.2m1 volumes of 1/4 
ejaculated diluted antiserum 
sperm 
6 
absorbed with 12 x 10 160 640 20 20 
chLchL sperm 
Rabbit anti-cc 0.2m1 volumes of 1/4 
ejaculated diluted antiserum 	
6 -i- <.L 
sperm absorbed with 12 xlO 320 320 20 20 
cc sperm 
Rabbit anti-cc 0.2m1 volumes of 1/4 
ejaculated diluted antiserum 	
6 
1 1 <I 
sperm absorbed with 12 x 10 320 640 4 4 
chLchL sperm 
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supernatant discarded and measured volumes of diluted antiserum added, 
mixed with the sperm, and incubated for 1 hour, shaking occasionally. 
The sperm were removed by centrifugation (l,lOOg for 12 minutes in the 
case of sperm agglutinating sera, and 6-11,000g for 30 minutes in the 
case of spermotoxic sera). 	The powerful centrifugation for the latter 
was to minimise the small anticomplementary effects of sperm absorbed 
sera. 
The activities of the antisera against chL chL sperm and cc sperm 
were compared before and after absorption. 
Results 
A comparison of the spermagglutinating activity of guinea pig anti-cc 
ejaculated sperm serum for cc and chL chL sperm is summarised in Table 3.1. 
The titres were not consistently higher against cc sperm than against 
chL chL sperm. 
Comparisons of the sperm agglutinating, sperm immobilising, and sperm-
otoxic activities of various anti-cc sperm sera for cc and chL chL sperm 
before and after absorption, are summarised in Tables 3.2, 3.3, 3.4, 3.5. 
Absorption of anti-cc sperm sera with chL chL sperm did not produce 
an antisera with strong, monospecific, anti-cc sperm activity. 
No evidence was obtained to suggest that the cc and chL chL sperm 
were characterised by different sets of antigens, which was a rather 
disappointing sequel to the conclusion of Kulangara & Beatty (1971). 
Since, however, these authors nade no rigorous attempts to control for 
the effects of within genotype variation, it is possible that the 
differences they observed reflected differences between individual 
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ejaculates within a genotype rather than differences between genotypes. 
Certainly, the variation in the relative proportions of electrophoretically 
distinguishable proteins between ejaculates within a genotype reported in 
this thesis, suggests that this hypothesis should not be ruled out, and 
it has already been reported (Symons & Herbert, 1971; Cohen & Werrett, 
1975) that the quantity of one of the antigenic components of rabbit 
semen (IgG) varies considerably between different ejaculates from the 
same male. 
The results presented in this thesis, therefore, while they do not 
exclude the possibility that there is a sperm surface antigenic difference 
associated with the albino locus in the AS strain, do show that the 
surfaces of cc and chL chL sperm are not characterised by completely 
different sets of antigens, and suggest that it would be premature to 
take the preliminary findings of Kulangara & Beatty (1971) as evidence that 
there are antigenic differences between sperm of the cc and chL chL 
genotypes which could be conveniently used in gametic selection experiments. 
If it is intended to carry out more detailed comparisons of these 
rabbit sperm in the hope of finding a difference in one of their antigenic 
components, it should be realised that the AS stock, though the only strain 
suitable for this type of work, is inbred and not very vigorous. 	I was 
constantly hampered in my work by shortage of animals, their lack of vigour, 
and their inability to provide regular supplies of ejaculated sperm, either 
for testing sera or use in immunisation. 	The latter is especially 
important when the low isoantigenicity of rabbit sperm is borne in mind. 
CHAPTER 4 
THE EFFECTS OF ANTI-COCK SPERM ANTIBODIES 
ON BARB IT SPERM 
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A novel approach to the immunological control, of sex ratio in mammals 
Partly because of the obvious agricultural value of a reliable 
method of controlling the sex ratio, especial interest centres on 
attempts to produce antisera which would preferentially inactivate 
mammalian sperm carrying the Y-chromosome (Edwards, 1963; Bennet 
& Boyse, 1973). 	One serious obstacle to such attempts is the fact 
that it is not possible to obtain samples of mammalian semen which 
contain only Y-bearing sperm, to use as an immunising antigen. 
A novel approach to the problem was proposed by Burkov (1968), 
who suggested that it might be possible to use cock sperm as an 
immunising antigen, since all cock sperm carry the male sex chromosome. 
To test this hypothesis he inseminated rabbits with cock sperm in the 
hope of inducing a local immune response, recorded the sex ratio 
following artificial insemination, and reported a decrease in the 
proportion of male offspring, 	lie obtained 142 male and 198 female 
offspring (41,8% males) from immunised females, and 148 male and 
136 female offspring (52.1% male) from control females. 
The purpose of this communication is to present results, relevant 
to the following assumptions, which are implicit in Burkov's approach. 
That antibodies raised in rabbits against cock sperm do not 
react strongly with a wide range of rabbit sperm antigens (otherwise 
antibodies to cock sperm would be expected to prevent fertilisation 
by all rabbit sperm). 
That there are antigens found preferentially on Y-bearing 
mammalian sperm which are also found on cock sperm. 
I tested these assumptions by injecting cock sperm into rabbits 
to raise rabbit anti-cock sperm antisera, and testing the effect of 
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these antisera on rabbit sperm. 
High serum levels of cock sperm-agglutinating activity 
(titre = 2560 could be readily provoked in both male and female 
rabbits by 2 subcutaneous injections, about 1 month apart, of 
25 - 30 x 108  3 x washed cock sperm cells doubly emulsified in 
Freund's complete adjuvant (0.25-0.5m1/injection/rabbit) and Tween 
in physiological saline (Herbert, 1967). 	Injection of one rabbit 
with cock sperm in sodium alginate adjuvant (Medical Alginates Ltd.) 
produced a lower level (titre =of spermagglutinins. 
160 
Sperm agglutinating activity was titred by mixing 0.2m1 serial 
dilutions of serum with equal volumes of a suspension of motile 
cock sperm (16 x 106/ml). 	1% NaCl was used as the diluent. 
Tubes were left for 25 minutes at room temperature, and then 
observed. 	The titre of the antiserum was taken as the highest 
dilution at which sufficient agglutination occurred to make the 
diluent appear clear between the clumps of agglutinated sperm. 
One antiserum was also tested and found to be positive, using 
the immunodiffusion procedure of Crowle (1958). 
These antisera showed no convincing agglutination of red cells 
from hens, indicating that they were directed against chick sperm, 
and were not merely anti-chick. 
When these antisera were tested against rabbit sperm using 
sperm agglutination (Menge & Protzman, 1967), immunodiffusion 
(Crowle, 1958) and complement fixation (Edwards, 1960a)tests, no 
convincing evidence of the presence of induced anti-rabbit sperm 
antibody activity was obtained. 
These observations support the hypothesis that there is no gross 
cross -reactivity between cock sperm and rabbit sperm. 
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I made only a few in vitro observations relevant to the 
assumption that there is a slight degree of cross-reactivity 
between rabbit and cock sperm. 	It is difficult to obtain convincing 
evidence of an induced low level of rabbit anti-sperm antibody, 
because normal rabbit sera already contain anti-rabbit sperm 
antibody-like activity (Edwards, 1967). 
Antisera from one rabbit (a female) were, however, compared with 
preinjection serum from the same rabbit, using a modification of 
the sperm immobilisation assay of Menge (1970), 	Using this 
procedure I have found that normal rabbit serum shows a complement 
dependent killing of rabbit sperm. 	These findings will be published 
in more detail elsewhere. 
Briefly, 0.25m1 samples of doubling dilutionsof heat inactivated 
sera were mixed with 0.05m1 of 1/10 guinea pig serum (complement 
supplied by Wellcome Reagents) and 0.05m1 of rabbit sperm (30 x 10 6/ml). 
incubated 1 hr at 37 °c, single drop samples removed, mixed with 
fligrosin-eosin, left for 5 minutes, and smeared. 	Nigrosin-eosin 
was prepared by refluxing 2gm of water soluble Eosin Y (Gurr) in 
120ml 10% Nigrosin (Gurr) in distilled water for 8 hours. 	The 
smears were examined under oil, and the frequency of stained sperm 
recorded. 
Significantly fewer sperm were killed by anti-cock sera at some 
low dilutions than by preinjection sera, but no real conclusions can 
be drawn from these isolated observations. 
As an alternative test for antigenic similarity between cock 
and rabbit sperm, heat inactivated antisera were added to diluted 
rabbit semen which was incubated at 37 0 c and then inseminated into 
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female rabbits ovulated by the intra-venous injection of 25 I.U. of 
Pregnyl (Organon Laboratories) at varying intervals (1 minute to 
2 hours) after insemination, and the sex of the offspring scored at 
birth after killing and dissecting. 
Two sets of inseminations with antiserum added to the semen, 
and 3 sets of inseminations with normal rabbit serum added to the 
semen, produced live offspring. 	The results are summarised in 
Table 4.1. 
Significantly fewer males resulted from artificial inseminations 
in which anti-chick antibodies were added to the semen, than from 
	
inseminations with normal rabbit serum added ( 	= 11.50, P s. .001). 
(See Table 4.1). 
Table 4.1 
Offspring from does inseminated J 	Offspring from does inseminated - with semen + antisera 	 with semen + normal rabbit serum 
No. of males No. of females % males No. of males INo. of females I % males 
79 
	
107 	I 42.5 	I 	40 	 19 	I 67.8 
There was no evidence from heterogeneity %2 tests that the 
results were being biassed by a few atypical females, nor was there 
any evidence that the differences between inseminations were caused 
by differences in the groups of female rabbits. 	There was no 
detectable effect of parity on the sex ratio. 
Since a significant difference was found between experimental 
and control groups, these results provide some support for Burkov's 
hypotheses. Since, however, the difference was due mainly to the 
very high frequency of males in the control groups, it can only be 
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a very qualified support until the reasons for this high frequency 
are known. 
Bennet & Boyse (1973) also reported an increased frequency of 
male offspring when anti-112 sera, which were not expected to alter 
the sex ratio, were added to mouse sperm used for insemination, 
though the difference was not statistically significant. 
I would like to thank Dr R.A. Beatty, Dr A. McLaren, Dr P. Lake 
and Dr M. Vojtiskova for helpful discussion, and Mr V. Coulter, 
Mr J. Foster and Mr D. Parnham for technical assistance. 
I would also like to thank Dr Lake and his assistants 
J. Stewart and K. Truman for collecting the cock semen and hen 
blood. 
This work was carried out whilst I was in receipt of a Research 
Studentship from the Ford Foundation. 
A provisional patent has been taken out to cover the use of 
anti-bird semen antisera for controlling the sex ratio. 
The results obtained in this investigation of the assumptions 
underlying Burkov 'a approach to the immunological control of the sex 
ratio, have been summarised in the last 5 pages, in the form in which 
I intend to submit them for publication. 
Further details of the experimental work carried out, and of the 




Preparation of cock sperm for injection 
Semen was collected from cocks, using the technique of prostate 
massage, diluted with an equal volume of G.ROF., 
(Sodium glutamate. 1 110 	187 gm 
MgSO4 . 7 H 
2 0 
	 0.074 gm 
KHCO 	 0.120 gm 
NaCl 	 0.33 gm 
NaH2PO4 . 2 1120 	 0.078 gm 
- In lOOml distilled water) 
spun 35 mins 1,600 g, at 5 0C, the supernate discarded, and the sperm 
cells washed twice in G.R.F., and once in 1% NaCl. 	These washes 
were all carried out in sterile tubes with sterile washing solutions. 
Concentrated suspensions of washed sperm cells were injected into 
rabbits, either combined with adjuvant, or in physiological saline 
as booster injections. 	The usual dose of sperm was about 25 x 108 
sperm. 	This quantity of washed sperm when dried, weighed about 
25 mg, which is a reasonable quantity of antigen for use in raising 
anti-tissue antibodies (see Weir, 1967) 
Appendix 2 
a) Cock-sperm agglutination test 
The procedure outlined, based on a suggestion by Dr P. Lake, gave 
easy to read and repeatable results. 	Pre-injection rabbit serum 
also agglutinated cock sperm, but none of the dilutions of pre-
injection serum tested (1/10 was the most concentrated) ever produced 
Plate 4A1 
Immunodiffusion gels in which dilutions of cock semen (1/1 in the 
top, outer well, and proceeding clockwise 1/4, 1/16, 1/64) were diffused 
against either 1/1 anti-cock sperm serum or 1/1 pre-immunisation serum 
from the same rabbit in the centre wells. 
anti-cock sperm 
serum in centre 
well 
pre-immunisation 
serum in centre 
well 
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sufficient agglutination to be scored as positive. 	When the 
agglutinates were examined microscopically, the sperm were held 
together by the tails in both pro-injection and post-injection sera. 
b) Immunodiifusion 
4 dilutions of cock semen (1/1, 1/4, 1/16, 1/32) were diffused 
against 2 dilutions of anti-serum (1/1, 1/2), and against neat normal 
rabbit serum. 	Lines of precipitation were observed with anti-serum, 
but not normal rabbit serum. 	(See plate 4A.l). 
Appendix 3 
Testing for strong reactions of anti cock-sperm sera with rabbit sperm 
Not all the possible tests were carried out with all the sera. 
The sera available are listed in Table 4A.1. 
All the sera were tested for rabbit sperm agglutinating activity. 
Serum 9G2 was tested against once frozen concentrated rabbit 
semen (10 x 10 8/rnl) using the immunocliffusion procedure of Crowle 
(1958) No reaction was observed. 
The complement fixing activities of anti-sera 9P6 and 9G2 were 
compared with pro-injection sera from the Same rabbits. 	Levels of 
fixation similar to those found by Edwards (1960a) were observed. 
There were no obvious differences between anti-sera and pre-injection 
sera. 












9P6 2 sub-cutaneous in alginate 1 9P6 
Male injections, 	the first of 160 
12 x 108 and 	the second of 
15 x 108  sperm 21 days apart. 
Sera collected 8 days after 
second injection 
9G2 2 sub-cutaneous injections, 	the 1 9G2 
Male first of 25 x 108 sperm + 2,560 
0,25m1 Freund 's complete 
adjuvant in Tween ± saline, and 
the second of 28 x 108 sperm -- 
0.5m1 Freund t5 adjuvant in 
Tween + saline 24 days later. 
Blood taken 8 days after second 
injection 
l3Z1 2 sub-cutaneous injections, 	the 
Female first of 27 x 108 sperm ± 0.25m1 2,560 
!Freund's complete adjuvant in 
r1,eefl + saline, and the second 
28 days later of 30 x 10 8 sperm 
in a similar emulsion. 	Blood 
taken 9 days after second 
injection, 
29 days after second injection 
a sub-cutaneous booster injection 
of 30 x 108 sperm in physiological 
saline given 




7days 1 	- 
2,560 
BH1 2 sub-cutaneous injections, the 	 1 
Female first of 27 x 10 8 sperm ± 0.25ml 2,560 
of Freund's complete adjuvant in 
'J\vecn + saline, and the second 
28 days later of 30 x 108  sperm 
in a similar emulsion. 	Blood 









Table 4A.2. 	Results of Insemination 
Insemination Serum Foncentration Concentration Time of Interval Number % No. of No. of % 
Number added of serum of sperm incubation between inseminated pregnant males females males 
in inseminate in inseminate insemination 
& injection 
of Pregnyl 
1 Antiserum 1/8 14 x 10 /ml 45 minutes 1½ - l 	hrs 36 38.9% 11 22 33.3% 
9G2 
2 Antisera 
1/4 28 x 10 6/ ml 50 minutes c. ½ hr 12 75% 20 28 41.7% 
BZ1 & BM 1/4 28 x 10 
6
/ml 50 minutes c. 1 minute 25 76% 48 57 45.7% 
3 Normal 1/4 28 x 10 6/ml 50 minutes 1½ - 2hrs 16 20% 14 6 70% 
rabbit 
serum 1/4 6 28 x 10 /nil 50 minutes c. 2 hrs 6 0% - - - 





BZ1 	or BZ1 1/4 
6 
28 x 10 /ml 30 minutes 1 	- 2 hrs 20 0% - - - 
Normal 1/4 28 x 10 6/ml 30 minutes ik - 2 hrs 19 0% - - - 
rabbit 
Serum 
6 Normal 1/8 14 x 10
6 




28 x 10 /ml 45 minutes I c. 1 minute 15 60% 16 7 69.6% 
46. 
Appendix 4 
Comparison of spermotoxicity of rabbit sera before and after the 
injection of cock sperm 
The percentage of stained and unstained sperm found in reaction 
mixtures containing Burroughs complement and varying dilutions of 
rabbit serum are recorded in Figs.4A.1, 4A.2, 4A.3. 	The titrations 
were carried out in duplicate and read blind. 
The relatively low spermotoxicity shown by the sera was 
probably due to the fact that they were stored frozen for long 
periods of time (ca. 1 year) before being tested. 	The spermotoxicity 
of normal serum is known to decline on storage (Chang 1947; Spooner, 
personal communication). 
Appendix 
Results of insenijiia Lions 
The procedural details and results of insemination experiments 
are summarised in Table 4A.2. 
I can only speculate about the large differences in the frequency 
of pregnancy in different groups of inseminations. 
When I carried out inseminations 3 and 4, I thought that the 
low frequency of pregnancy was merely a reflection of the low 
productivity the rabbit stocks were showing at that time. 	However, 
taking into account the results of inseminations 5 and 6, I now 
think it is worth considering more seriously the hypothesis that 
leaving a considerable delay between inseminating the rabbits and 
injecting the Pregnyl, may have had a significant effect. 	The 
delay would allow more time for the "natural antibodies" in the 
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added serum to kill the sperm with he aid of complement components 
and/or leukocytes from the female tract. 	The delay between 
insemination and injection of Pregnyl would not, of itself, be 
expected to adversely affect the conception rate (More O'Fcrrall, 
1973). 
Any contribution made by the female would have to be allowed 
for when designing procedures to alter the sex-ratio by the 
addition of specific anti-serum to sperm. 
There seems little point in speculating about the cause of the 
high frequency of males recorded in the control groups. 	It is 
unlikely that this was due to misclassification since the same 
criteria, (the appearance and position of the gonads in killed and 
dissected offspring) were used to distinguish male and female offspring 
throughout the course of this work. 	The gonads, were pinkish, 
sausage-shaped and asymmetrically placed close to the kidneys in the 
female, while in the male they were whiter, pear shaped. symmetrically 
placed, and more posteriorly positioned. 
In the males, but not the females, the cords which ran posteriorly 
from the gonads, formed fairly stout structures at their junction with 










Percentage unstained cells among rabbit sperm incubated with 
pre-injection serum —.9 and anti-cock sperm serum BZ16 (-..o--. 














Percentage unstained cells among rabbit sperm incubated with pre-
injection serum 	and anti-cock sperm serum BZ1 6 ---o--). 














Percentage unstained cells among rabbit sperm incubated with pre-
injection serum (—.—) and anti-cock sperm serum BZ15 --o--). 
Only percentages marked with a 	differ significantly. 





TIJE ROLE OF NATURAL ANTiBODiES TO SPERM 
48. 
The role of natural antibodies to sperm. 
Introduction 
"Natural antibodies" to sperm from males of the same species have 
been detected, using a number of techniques, in the sera of various 
mammals; rabbits (Edwards, 1960a; Beck, Edwards & Young, 1962; Padma, 
1972b), Guinea pigs (Beck et al., 1962; Johnson, 1968), mice (Beck et al., 
1962; Johnson & Edidin, 1972), rams, sows (Matousek, 1964), bulls 
(Matousek, 1964) and humans (Beck et al., 1962). 
Though cross reaction occurs in at least some cases, i.e. the serum 
of one species will react with sperm of another species, there is 
evidence that there may be some degree of species specificity. 	Matousek 
(1964) reported that though ram serum agglutinated both ram and bull 
sperm, after absorption with bull sperm it agglutinated only ram sperm. 
Similarly, Padma (1972b) reported that serum from rabbits agglutinated 
rabbit sperm more strongly than bull sperm, and vice versa. 
These antibodies are also present in the female tract of rabbits, 
where they attach to less motile sperm, apparently as a preliminary to 
their engulfment by leucocytes (Symons, 1967). 	It has been suggested 
(Cohen & McNaughton, 1974; Cohen & Werrett, 1975) that this may be part 
of a process of selection in the female tract in which "genetically 
inferioit' sperm, i.e. sperm whose DNA contains genetic errors introduced 
at chiasma, are removed. 	There is no direct evidence for this hypothesis. 
It has also been suggested (Edwards, 1960a; Johnson, 1973) that these 
"natural antibodies" to sperm may prevent the sperm from provoking an 
immune response, just as passively injected anti-Rhesus globulin can 
prevent immunization against Rhesus antigen in women. 	Certainly the 
similarity in thermolability, and lack of stability on storage, of the 
"natural antibodies" to sperm and the "protective" antibodies produced in 
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experimental studies of auto-immune encephalomyelitis in rats (Bradley & 
Elson, 1971) are quite striking. 
This hypothesis also occurred to me, and I tried to design experi-
ments to test it. 	Ideally one might test this hypothesis by finding 
individuals which did not produce this "natural antibody", and determining 
whether they were any more prone to autoinimunisation against inseminated 
sperm than those which did. 	The chance of finding such variants within 
a species seemed remote, but I thought it might be possible to make use 
of inter-species variation, 
If "natural antibodies" to sperm are species specific, and if they 
are involved in preventing immunisation of females by inseminated sperm, 
then inseminating a female with sperm of another species (heterologous 
sperm) should provoke an immune response, and adding "natural antibodies" 
from the same foreign species to the sperm before insemination, should 
prevent this immune response. 
In fact, it had already been shown that though rabbit sperm insemin-
ated into rabbits did not provoke an immune response, guinea pig sperm 
did (Parsons & Hyde, 1940). 
Ideally then, the hypothesis would have been tested by seeing if 
the immune response provoked by inseminating guinea pig sperm into 
rabbits, could be prevented by adding guinea pig "natural antibodies" to 
the sperm before insemination. 
This approach, however, was not possible, since it would have 
involved bringing foreign, live cells into the rabbit house and exposing 
the unique, and not very vigorous, inbred rabbit stocks to the risk of 
infection. 
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Instead, mouse sperm, which could be obtained free, from the 
Animal Genetics mouse house were used. Since there was already some 
transfer of material from the mouse house to the rabbit house, the 
chance of these experiments contributing significantly to the spread 
of infection seemed small. 
In addition attempts were made to try and determine by in vitro 
studies whether any evidence of a large degree of species-specificity 
could be demonstrated in the interaction of rabbit "natural antibodies" 
with mouse and rabbit sperm. 
These 2 sets of investigation are described separately. 
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1, The immune reaction of rabbits to insemination with mouse sperm with 
or without added mouse serum 
Materials and Methods 
A method based on that described by Parsons & Hyde (1940) was used, 
Discard mice, of various genetic backgrounds, were obtained from the 
Animal Genetics mouse house, anaesthetised with chloroform, and bled to 
death by heart puncture, using a 2m1 syringe and a 26 gauge 3/8" needled 
The blood was pooled, allowed to cool in the fridge, and the serum 
separated by centrifugation. 
The vasa and the tails of each opididymis were carefully dissected 
out, removing as much of the surrounding blood, blood vessels and fat 
as possible. 	The vas sperm were then stripped into Dulbecco A (Oxoid) 
diluent, and the epididymis pulled apart and lightly ground in a hand 
homogeniser (glass in glass). The suspensions of sperm were spun at 
35g for 2 minutes in a bench centrifuge to remove large lumps, and the 
supernatant retained. 
Using this procedure, approximately 25 x 106  sperm/mouse were ob-
tained. 	Sperm suspensions were left in the refrigerator overnight and, 
the next day, concentrated by centrifugation, mixed with either mouse 
serum or Duihecco A, and inseminated in 2 ml aliquots into rabbits. 
In the hope of increasing the ratio of mouse gamma-globulin to 
sperm, sperm which were to be inseminated in mouse serum were sometimes 
incubated in one lot of serum, centrifuged out, and resuspended in fresh 
serum before insemination. 
The intervals between inseminations, and the quantities and treat-
ment of sperm inseminated, are described in Table 5,1. 
Table 5.1 






no. o 	sperm 
i nseminated/rabbit 
25 x 10 6 




Procedure used to absorb gamma 
globulin onto sperm 
Sperm incubated in serum for 
1 hour at 6 C, and 30 minutes 
at room temperature, before 
insemination. 
% of serum in diluent 
for serum + sperm 
inseminate 
75% 
3 32 x 10 6 0 As on day 0 75% 
7 60 x 106 1X Sperm were incubated in 3m1 100% 
serum for 30 minutes at 37 0C, 
spun down, resuspended in 
fresh serum, and inseminated 
14 75 x 10 6 1X As on day 7 100% 
17 68 x 6 io 0 	i Sperm were incubated in 8m1 870/10 
serum for 30 minute 	at 37 C, 
and for a further 2- - hours at 
6°C. 	Thesperm were then 
spun down, resuspended in 
fresh serum, and inseminated 
21 90 x iOG 1X Sperm were incubated in 8.5m1 100% 
serum lor 1 hour at 37 C, 
separated by centrifugation, 
resuspended in fresh seru 	and 
incubated for a further 1 - hrs 
° at 37C, before insemination 
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Rabbits were bled from the ear at the start of the experiments, and 
3 days after the last insemination. 	Clots were allowed to form and 
shrink overnight in the cold, and the serum separated by centrifugation. 
Serological tests 
1. 	Ring test 
The procedure described by Campbell, Garvey, Crenier & Sussdorf, 
(1964)was used to test for the presence of anti-mouse serum antibodies. 
A column of undiluted antiserum 8mm high was pipetted into a tube 
6mm in diameter, and diluted mouse serum gently layered on top. The 
presence of anti-mouse serum antibodies was indicated by the formation 
of a precipitate at or near the junction of the two liquids. 	1/2, 1/8, 
1/32 and 1/128 dilutions of mouse serum were used as the test antigen. 
Borate buffered saline (Campbell et al., 1964) was used as diluent, 
2, 	Immunodiffusion 
The procedure of Crowle (1.958) was used to test sera from rabbits 
inseminated with serum + sperm. 1/1 and 1/2 dilutions of rabbit serum 
were diffused against 1/1, 1/4, 1/16 and 1/64 dilutions of mouse serum. 
Dulbecco A (Oxoid) was used as a diluent, 
3. 	Complement fixation 
The micro-procedure described in the second half of this chapter 
was used to compare the complement fixing activities of pre- and post-
insemination sera from each rabbit. 	Suspensions of whole mouse sperm 
(2.5 x 106/ml), prepared in the same way as sperm used for inseminations, 
and 5% vol/vol sperm entract (Parsons & Hyde, 1940) were used as the test 
antigen. 
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4 	Sperm aglutinat ion 
The sperm agglutinating activities of pre- and post-insemination 
sera were compared using a procedure similar to those described by 
McLarefl (1964) and Bell (1969). 	Male Q-strain mice were killed by 
breaking their necks, the vasa carefully separated from blood vessels, 
cut out, and the sperm stripped into warm Dulbecco A (Oxoid). 	Large 
strings and clumps of sperm were either allowed to settle out, or were 
spun out using a brief (1 minute or less) and very slow ( 35g) centri-
fugation. The concentration of sperm was adjusted to approximately 
3 x l0 6/ml, and single drops of the suspension added to single drops of 
diluted, heat-inactivated sera (1/10, 1/40, 1/160, 1/(340) on slides, 
shaken gently, and left for 25 minutes at room temperature. The degree 
of agglutination in pre- and post-insemination sera were then compared. 
Results 
Antibodies to mouse serum 
Ring-test. A very low level of antibody activity was detected in 
the post-insemination sera, but not pre-insemination sera, of two of the 
8 rabbits used in this experiment. Both of them were rabbits which had 
been inseminated with sperm ± serum rather than sperm + Dulbecco. 
Immunocliffusion. 	Faint anti-mouse serum activity was detected in 
the post-insemination sera of two rabbits inseminated with serum + sperm. 
These were the same sera in which anti-mouse serum activity was 
found using the ring test. The immunodiffusion gels were photographed (Plate 5. 
Antibodies to mouse sperm 
Complement fixation. 	The pre- and post-insemination sera from only 
one rabbit showed any difference at all in anti-mouse sperm complement 
D11+c 
ImmunodiffuSiOfl gels in which dilutions of mouse serum (1/1 in 
the top outer well, and, proceeding clockwise 1/4, 1/16, 1/64) were 
diffused against 1/1 serum obtained from rabbit 8A3 before and after 
a course of inseminations with mouse sperm + mouse serum- 
Pre-insemination 
serum in centre 
well 
Post-insemination 
serum in centre 
well 
Di.i- s P, 1  
ImmunodiffUSiOfl gels in which dilutions of mouse serum (1/1 in 
the top outer well, and proceeding clockwise 1/4, 1/16, 1/64) were 
diffused against 1/1 serum obtained from rabbit BM4 before and after 
a course of inseminations with mouse sperm + mouse serum. 
Pre-insemination 
serum in centre 
well 
Post-insemination 
serum in centre 
well 
Table 5.2 
Appearance of red cells after 30 minute incubation in complement pre-
incubated with an extract of mouse sperm, and serum obtained from a 
female rabbit before and after a course of irisominations with mouse 
sperm 
Fig. 5.2(a) - Freshly thawed sera used. 
Fig. 5.2(b) - Sera thawed, and left overnight at 5 °C, used. 
+ indicates large button of unlysed cells 
± indicates a small button of unlysed cells 







1/20 + + 
1/40 + + 
1/80 ± + 







1/20 + + 
1/40 ± + 
1/80 ± ± 
1/160 ± - 
Controls containing complement alone, or complement + serum or complement 






fixing activity. 	In this rabbit, which had been inseminated with 
sperm in Dulbecco A, rather than sperm in mouse serum, post-insemination 
rabbit serum showed a slightly higher complement fixing titer than pre-
insemination serum (see Table 5.2). 
Sperm agglutination. At least some sperm agglutination was observed 
in all preparations of vas sperm. 	No difference was observed in 	the 
degree of agglutination of sperm incubated in pre- and post-insemination 
sera from the same rabbit. 
Discussion 
Unlike Parsons & Hyde (1940), I did not find that antibodies to 
foreign sperm were "readily produced" by vaginal deposition of the 
antigen. 	There was, evidence that this was caused by any sperm- 
specific lack of antinicity, since antibody production against mouse 
serum was weak. 	 I therefore concluded that this procedure 
was unlikely to provide a convenient tool for investigating the 
function of "natural antibodies" to sperm. 
I should emphasise that I regarded this particular experiment as a 
pilot study to determine the usefulness of inseminating mouse sperm 
into rabbits as an experimental procedure, and as a guide for further 
work. 	It was not designed to provide a complete and critical test 
of the hypothesis that the "natural antibodies" to sperm are involved 
in preventing auto-immunisation, 
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2. 	Species specificity of natural antibodies to mouse and rabbit sperm 
Most of the time spent on this section of work was spent testing and 
developing assays. 	Of the techniques which had been used to detect 
natural antibodies to sperm (listed by Edwards, 1967), I considered only 
spermagglutination, spermotoxicity and complement fixation, as all the 
rest required either reagents, expertise or equipment to which I did not 
have ready access. 
I rejected spermagglutination because sperm readily adhere head to 
head without the addition of serum to the medium, and sperinagglutination 
is not an antibody specific test (Boettcher et al., 1970). 
My attempts to use cytotoxicity tests were frustrated by my 
inability to prepare suspensions of mouse sperm in which the majority 
of sperm clearly excluded Trypan blue (using various modifications of the 
procedure described by Goldberg, Aoki, Boyse & Bennet, 1970) or eosin (using 
the nigrosin-eosin smear technique used by Beatty & Sharma, 1960). 
These difficulties have been encountered by other workers. 
The method to which I devoted most time was complement fixations 
Various procedures of increasing sensitivity were tried, and two 
procedures found which were moderately satisfactory. 
The first, a microprocedure supplied by Wellcome Reagents in response 
to an enquiry, was used to demonstrate complement fixation by rabbit 
serum in combination with either mouse sperm or rabbit sperm. 
The second, a macroprocedure, was used to measure the quantity of 
complement fixed by rabbit serum in combination with rabbit sperm. 
Both methods are described in the following pages. I encountered 
considerable difficulties in following "published" procedures, because 
insufficient details were given, and have therefore described the pro-
cedures quite fully. 
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2a0 	"Four -drop" microprocedure for demonstrating complement 
fixing 
activity of normal rabbit serum in combination with sperm. 
Introduction 
In this method, doubling dilutions of normal serum were incubated 
with constant amounts of complement and washed ejaculated rabbit sperm, 
and the amount of complement remaining unfixed at the end of this 
incubation revealed by adding red-cells sensitised with horse haeniolytic 
serum. 	I hoped that there would be a clear end point in such titrations, 
i.e. that using high concentrations of normal rabbit serum most of the 
complement would be fixed (and the red cells remain intact and visible as 
a button of cells), and at lower concentrations of normal serum less 
fixation would take place, and the red cells would be lysed by the 
remaining free complement. 
Method 
Prenaration of red cells 
0.5m1 volumes of sheep red cells in Alsever ts solution (Wellcome 
Reagents) were pipetted into 125 x 12mm round bottomed tubes, and 1,5m1 
of diluent added, the tubes spun at 750g for 2 minutes, at room temper-
ature, the supernate discarded, and the cells washed 3 x more. 
Using this washing procedure, there was apparently no lySis of 
the red cells during the last 3 washes. The cells were then adjusted 
to 5 x 108/jill, and equal volumes of red cells and various dilutions 
(1/750 - 1/2250) of haemolytic serum incubated at 37 °C for 30 minutes, 
1 volume of 1/10 guinea pig serum (Wellcome Reagents) added and the 
mixtures incubated for a further 30 minutes. 	The most dilute solution 
of antiserum which caused c. complete lysis was noted (the minimal 
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haemolytic dose), and a sensitised suspension of rod cells prepared by 
mixing equal volumes of a suspension of red cells (10 x 108/ml) and a 
solution of haemolytic serum 10 x as concentrated as the minimum 
haemolytic dose, and incubating at 37 °C for 30 minutes. The sensitised 
cells were kept on ice until needed. 
The diluent used was veronal buffered saline, supplied as tablets 
by Flow Lab. Ltd. 
The following titrations were carried out in shallow depressions on 
white glazed tiles. These were much more satisfactory than the plastic 
disposable microtitre trays which were also tried. 
Pre-titration of complement 
Single drop quantities of serial dilutions of complement were 
incubated at 37°C in a moist atmosphere with either 2 drops of diluent, 
or 1 drop of diluent + 1 drop of ntigon, or 1 drop of diluent + 1 drop 
of serum, for 1 hour. 
1 drop of the sensitised red cell suspension was then added to each 
pool, and incubated for a further 30 minutes, shaking once after 15 
minutes 	The red cells were examined and the most dilute solution of 
complement which allowed complete lysis recorded. Any anti-complementary 
effects of antigen or serum were noted. The lowest dilution of comple-
ment which allowed complete or near complete lysis in the presence of 
antigen or serum alone, was used in the test proper. 	(This quantity of 
complement is referred to as one 100% unit). 
Titration of complement fixing activity of rabbit serum 
Single drop quantities of antigen, complement, and serial doubling 
dilutions of serum were incubated together for 1 hour, and the quantity 
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of complement remaining unfixed assessed by adding red cells, incubating 
for 1/2 an hour as above, and observing the degree of lysis. Controls 
containing no antigen, or no serum, or only diluent, were always included. 
These procedures were tested with different quantities of antigen. 
Results 
Using as test antigen either ejaculated rabbit sperm washed 5 x in 
C.F.T. medium (10 x 10 6/ml), or vas and epididymal mouse sperm (2.5 x 106/ 
ml), clear evidence of complement fixation was obtained, i.e. a clearly 
visible aggregation of unlysed cells could be observed when antigen and 
serum were incubated together in a dilution of complement which, in the 
presence of either antigen or serum alone, would allow c. 100% lysis. 
This fixation was observed over the range of serum dilutions 1,/10 to 
1/40. 	If two rather than one 100% units of complement were used in the 
test system, very few unlysed red cells weieobservcd. Though serum 
and sperm together clearly fixed complement, they only fixed small 
quantities. 	The end points in these titrations were not clear. 
Discussion 
The observation that the complement fixing activity of normal 
rabbit serum for rabbit sperm is weak, and that it is also found when 
mouse sperm is the test antigen, suggests that the chance of showing 
any considerable degree of species-specificity for this particular inter-
action is remote. 	This is the first time that the similarity of the 
mouse and rabbit antigens detected by this test has been reported, though 
similarity of the antigens detected by inimunofluorescence had already 
been reported (Beck et al., 1962). 
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2b. 	Measurement of the quantity of complement fixed by sperm + rioreal 
rabbit serum 
Introduction 
The procedure, based on the method of Fulton & Dunibell (1949), 
used a different approach to the one outlined for the micro-methods. 
Instead of characterising sera by determining the lowest concentration 
at which they fixed a minimum quantity of complement, I measured the 
quantity of complement fixed by sera at particular, fairly high, 
concentrations. 
This was done by comparing the quantity of complement required to 
achieve a given degree of lysis (50%) in the presence of both sperm 
and serum, with the quantity required to achieve the same degree of 
lysis in the presence of sperm or serum alone. 
I developed this technique not only to confirm that complement 
fixation was taking place between rabbit serum and rabbit sperm, but 
also as a possible tool for further work. 	The reactions of sera with 
homologous and heterologous antigens are sometimes better compared by 
measuring the quantities of complement fixed at particular serum dilutions 
than by comparing the lowest dilution at which they fix a constant 
quantity of complement (Kabat & Mayer, 1961). 
Method 
0.2ml samples of a given concentration of serum, 0,2ml of 5 x washed 
ejaculated rabbit sperm, and various dilutions of complement, were 
incubated at 37 °C for 1 hour. 	0.2inl of sensitised red cells, prepared 
in the same way as those used in the last procedure, were added, 
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diluent added to each tube. 	The tubes were spun at 750g for 7 minutes, 
the supornatents decanted, and their optical densities measured at 
541 mL on a Bccionan spectrophotometer, using cuvettes with a path length 
of 1cm. 
The diluent used was complement fixation test medium (veronal 
buffered saline) supplied as tablets by Flow Laboratories. 
Results 
Using this technique it was possible to gain some measure of the 
quantity of complement fixed by mixtures of normal rabbit serum and 
washed ejaculated sperm. 	The quantities fixed were low. 	The results 
of such an experiment are summarised in Fig. 5,1. 
The unit used to measure complement is an arbitrary one, the C50, 
the quantity of complement required to lyse 50% of the red cells in this 
test system. 
Discussion 
Using the procedure described, I was able to confirm that fixation 
of complement by combinations of normal serum and sperm occurs, but that 
it occurs at a low level. 
The maximum quantity of complement found in the experiment reported 
here is 3C5Ots which is a very modest level of fixation. 
Kabat & Mayer (1961) recommended that in routine complement fixation 
tests, sera be titrated by determining the lowest concentration at 
which 4 or more C50s are fixed. 
One result of the low level of antibody in serum is that, even in 
a concentrated solution of serum (1/10), there is io evidence of the 
inhibition of complement fixation by antibody excess (see Fig.5.1 ). 
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General Discussion 
The results obtained in both sections of this chapter suggest that 
a study of the specificity of natural rabbit anti-sperm antibody for 
rabbit sperm, as opposed to mouse sperm, is unlikely to provide a 
convenient tool for investigating the role of these natural antibodies. 
However, I think it would be worthwhile to compare a wider range of 
species before abandoning the general approach. 
The techniques described could be used to test sera and purified 
fractions of sera. Wherever possible, it would be desirable to avoid 
using ejaculated sperm, since it has been reported (Cohen & Werrett, 
1975) that ejaculated rabbit sperm are frequently, but unpredictably, 
coated with immunoglohulin. 
It might also be worthwhile to purify the serum used as a complement 
source by absorbing it with sperm. This might allow higher concentra-
tions of sperm to be added to the reaction mixture without causing serious 
anti-complementary effects, and so increase the sensitivity of the test. 
I intend to carry out some of these experiments. 
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